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PREFACE. 


-*.-M — 

I HAVE endeavoured to tell the story of the 
Earth so that its past history helps to explain 
its present condition. 

Explanations are jfiven of the nature of the 
common materials wmch form rocks, of the ways 
in which they rest \jpon each other, and of the 
means by which they may be distinguished. 

The story of the Earth is divided into epochs 
by layers of rock which res| on each other and 
rise to the surface of the visible land, and to 
the floor of the ocean. ' 

6e(^ogical time cannot be defined in years. 
The time occupied by an existing river fibe the 
Rhine or the iJiagara river, in excavating the 
gorge through which it flows, dates back beyond 
the antiquity imag ned for man by historians. 
Yet this incident in sculpture of the Earth’s 
surface is suljsequent to the newest of tbe re- 
gular layers of^rock. It is convenient to forget 
Uie human etandard of time, and think of a 
period of geological time as the age when some 
rock, such coal, accumulated, or when an 
extinct plant or animal %as dominant on. the 
Earth. 

Fossils are the remains.of plants and animals 

t 
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by which, each period of by-gone time is dis- 
tinguished. 

I. Many kinds of animals, , which still live, 
date back to the beginning of the Earth’s story, 
or to an early period. 

II. Many groups of animals, such as Trilobites 
or Ichthyosaurs, endured on tho Harlh for long 
geological ages, varied in form and structure, and 
became extinct successivdy, leaving no survivor. 

The life which now exists on the Earth is a 
survival of ancient types of life known froip, 
fossils, which have undergone substantially no 
change sinee first they became known in the 
rocks. They are associated now with groups, 
like the Mammalia, which ire changing rapidly. 
The diversity of mammal orders in structure of 
the skeleton, is not unlike that which the ancient 
Saurians put on -before they became extinct. 
Animal orders vhich vary rapidly last for a 
relatively short tinie. 

I have used some scientific flames of these 
fossils in the story of the Earth, since names 
give the easiest identification for fossils as for 
our fellow-men. The characteristics or lives of 
fossil animals and of living men give interest 
to their names. Practical knowledge of fossils 
ensures this enduring interest, and is gained by 
collecting them in the sea-cliff, ..quarry, or pit, 
and by comparing such specimens with named 
examples in museums. 

() H.' G. Seeley. ' 

Kbnsinoton, W., 

1896. 
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THE STORY OP THE EARTH. 


CHAJTEK 1. 

INTRODUCTION. 

% 

I. 

The building of the’surface layers of the Earth 
is recorded in rock materials, which are ac- 
cumulated upon eadi other. But thero is no 
trace of a beginning to their story of the Earth’s 
history. In the remotest period of past geolo- 
gical time of which evidence nas been found, the 
earth was inhabited by types "^f animals, some of 
which* still suwfive. There is no evidence that 
the most ancient animals which have been dis- 
covered, were the first that existed ; or that the 
oldest rocks at prescjit known, mark the beginning 
of geological records. It is as unprofitable to 
enquire for evidences of the origin of the earth, 
as it is to as]^ for proofs of the mode of origin 
of the life which has flourished upon it. 

Because the with is a planet we may assume 
that it had a similar history in its origin to 
some of the ^jeavenly bodies. The light which 
comes to the earth from tin most distant stars in 
the universe, proves, when analysed, to result 
from the incandescence of elements which are 
• e 
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mostly identical with those found in the earth. 
The small masses of matter, termed meteorites, 
which fall from time to time to the earth's surface, 
consist of iron and other metals, and of minerals 
like those which combine to form crystalline 
rocks. The forces which act on the earth are 
like those manifested in other heavenly bodies. 
If the Ejirth's surface isc not incandescent, as 
in the luminous stars, it^ interior demonstrates 
in many ways an internal heat, which has played 
an important part in its history. So that, with 
the matter and force substantially the sj\me, there 
is some justification for ^he old definition of 
geology as that department of astronomy which 
tells the story of the Earth.^^ 

The* geological story differs from that told by 
the astronomer in giving results of unceasing 
action of the forces of nature upon the rock 
materials of the globe. They have worked during 
a time v^hich is ifnmeasurably long, when esti- 
mated by such changes on the*-' earth have 
happened during human history. This time 
cannot bo expressed in cent rie^. The work of 
rivers in carving channels upon the existing sur- 
face of the earth has been computed at from 
16,000 to 30,000 years, in the case of the Niagara 
river, without reaching the age w^hen the newer 
layers of the globe were deposit^ed from the sea. 
This stupendous duration of time has brought 
about revolutions in the positions of oceans and 
continents ; in the types of life which w^ere pre- 
dominant on the earfo, as well as in the distribu- 
tion of life over the globe, and in the succession 
of different kinds of life in the same region in 
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successive ages, which would be incredible but 
for the evidence of fossil animals and existing 
animals which are everywhere around us. These 
changes have come about, not as result of catas- 
trophes whicji have destroyed the fair sui'face of 
the land and its life, but as parts of the order of 
nature, and ^ conditions of that stability of 
government^of the wotld by which the creations 
of earlier times have b^en preserved, and passed 
on from one geological age to another to survive 
^t the present day. 


# 

On various parts of the globe, meteorites have 
been found which jary in weight from a few 
ounces to a few tons. Examples of 400 §f them 
are preserved in the British Museum. Some 
have been seen to •fall, ly^ may therefore be 
inferred that ever since the earth has been in 
existence it has probably received such addi- 
tions ^f matefial. Meteorites however do not 
demonstrate that the earth has been built up of 
meteoric matter ; but they are the only clue of 
a practical kind to the origin of the globe, which 
the geologist encounters. 

The iron in meteorites is metallic, usually 
combined with nickel. In the earth iron is 
rarely metallic, ^nd rarely crystallized with nickel. 
Minute particles of metallic iron are present in 
the volcanic rock named Basalt, which has flowed 
•oyer the nor*h of Ireland. Iron is found com- 
bined with nickel in the Van mine in Denbigh- 
shire. ^ The percentage of nickel in the iron 
varies in different loc^ities. There is only one 
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or two per cent, of nickel in the ^reat masses of 
iron, sometimes weighing 60,000 lbs., embedded 
in !lfesalt at Ovifak in Disco Island, on the west 
of Greenland. An alloy of these metals found 
in New Zealand, yields 67 per ceiit. of nickel. 
Both are regarded as of terrestrial origin. 

Although the mineral quartz ^ is one of the 
most abundant constituerris of surftyje rocks, no 
true quartz has been recognised in any meteorite. 
But a rare mineral asmanite with many of the 
properties of quartz occurs, which somewha*' 
resembles the variety of quartz found in some 
volcanic rocks, which hat been distinguished 
under the name tridymite. 

About ten rare minerals are met with in 
meteorttes which have never been recognised 
in the rock materials of the globe. 

On the other ht.ud, earthy meteorites have 
yielded many of .the constituents of volcanic 
and crystalline rocKs. 

Two kinds of felspar — nam^d labr^orite 
and anorthite— have been recorded in meteorites, 
and pch minerals as Augite, Bronzite, Enstatite, 
Ulivine, which upon the earth are often com- 
bined "mth the felspars in mineral union to form 
crystmline rocks. But the facts are too few and 
too obscure to do more than stimulate interest 
m the relation of the earth to the bodies among 
which it moves. » ® 



CHAPTER 11. 

THE EARTH’S INTERNAL HEAT. 

The earth has an internal heat of its own, which 
is not derived from the sun. The temperature 
of the outer surface ]p.yer varies with summer 
and winter. * In Java ^d India at a depth of 
12 feet the thermometer is constant all the year 
round. In London and Paris an unvarying tem- 
^rature occurs at about 100 feet below the earth’s 
Smface. The earth’s ^t begins to increase below 
this variable surface layer, though the rate of in- 
prease differs with |he kinds of rock passed 
jthrough, and with the locality. It a^rages 
)ne degree Fahrenheit for every 56 feet of 
Jepth. • 

• In the famous Artesian well at Crenelle near 
?ari^ the water rose from ’a depth of 1794: 
English feet, mth a temperatime of nearly 82’ 
r. The deep boring at Sperenberg near Berlin 
appears to show an increase of 1’ F. in 42 
eet at the depth of 1000 feet; 1’ F. in 67 
eet, at 2000 feet ; at 1’ F. in 95 feet, at 3000 
nd 4000 feet. From these facts the inference 
las been mad^ that temperature does not aug- 
aent appreciably below a moderate external 
hickness of boc^ 

The difference between the surface temperature 
pd the interi(^ temperature, results from the loss 
f the earth’s internal heat by radiation. On this 
Ircumstance attempts have been made to estimate 
be duration of : geological time. By measuring 
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the amount of heat which the earth radiates from 
its surface in a year. Lord Kelvin has concluded 
that in a period of 20,000 millions of years, more 
than enoujih heat would have been lost to melt 
the entire bulk of the earth, if the rate of loss 
had been always what it is now, ana if the earth 
had consisted throughout of the s^me materials 
as its surface rocks. Thisfis the timg which the 
physicist conceives as p^sible for the earth’s 
origin and history. Sir John llerschel had 
doubted the primitive fluidity of the earth., 
It is perhaps possible that the heat which the 
earth loses may not be thc^ original heat of an 
igneous fusion, but the result of strain due to its 
rigid state. It rotates so ^hat its surface ex- 
periences the lifting influence of tidal attraction 
which reduces the pressure, although the amount 
is too small to distu^j) the stability of its surface. 
By the conversion qf this attraction of gravitation’ 
ujion its outer layefs into heat, at a depth from 
the surface sufficient to ensure thSt the h&.t so 
generated could not be radiated in a day, a store 
of heat might accumulate near to the surface of 
the globe. The most ancient rocks give no evi- 
dence of greater internal heat, or of greater re- 
frigeration of the earth, or of tidal action upon 
its surface having been in any way different from 
what it is now. , 

The greatest depth at which the fractures and 
dislocations, termed earthquakes, are known by 
actual measurement to originate, •is about 30 
miles. It has also b^n calculated that a heat 
sufficient to melt granite might occur at a 
depth of 20 or 30 miles. This is the maximum 
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depth to which geological theory extends its 
inferences. 

Attempts have been made to calculate the 
pressure under which masses of graiiite in moun- 
tain chains have consolidated. In some cases 
the crystal stnicture appears to indicate a super- 
incumbent pressure equal to no more than 15 
miles’ thickness* of rbcl^ though the pressure was 
probably lateral. # 

The materials ejected from volcanos give no 
indication of having ascended from more than 
very moderate depths. The molten matter of 
lava streams does nc^ appear to be the primi- 
tive substance of the earth’s interior. That 
heated material migj;it be rendered litjuid by 
fractures which penetrate downward so •as to 
remove the pressure which keeps the heated 
rock solid. It is thua manifest that some cause 
generates heat near to the eami’s surhice, which 
is associated with the crumpling of the earth’s 
outer layers, \fith the changed distribution of 
level of land from age to age, and with the 
phenomena of volcanic activity. 

This cause is believed to be the cooling of the 
earth; by which the shrinkage of the deeper 
layers crushes the upper layers together, crump- 
ling them intQ folds which are directed alter- 
nately upward ^nd downward. As these folds 
are crushed closer together, the mechanical energy 
of compression, resisted by the rock material, 
becomes conv^ted into heat along the linos of 
most intense squeezing. • 

The directions of these folds change from age 
to age in geological time ; for every land consists 
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of masses of rock which extend through it in 
directions which . were once approximately, 
parallel to its shores. 

The late Mr Robert Mallet believed that the 
energy of volcanic eruptions was ^developed by 
these compressions of the crust. He also urged 
that the lateral pressure exerted ^by the sides of 
an arch of continental Mnd upon pits supports 
would result in crushing along the lines df 
greatest weakness ; and ctilculated that the 
temperature may be raised locally in this way to 
a red heat, or even to the fusing point of the 
rocky materials which areecrushed. This heat, 
which is produced locally, he believed to be con- 
sumed locally, and to be the source of the ex- 
plosive energy which ejects the materials of which 
volcanos are built up. 

Active volcanos^are commonly met with in 
regions undergoing upheaval. This is attributed 
to the undergrouhd compression of the rocks 
which causes upheaval, generating heat? The 
water near the shore which penetrates to the 
heated region is raised by that heat to an ex- 
plosive temperature. Volcanos have a linear 
extension ; sometimes in islands rising from the 
sea, sometimes in mountain chains formed of 
islands united together. The linear arrangement 
is attributed to the opening oi fissures, which 
penetrate downward along lines, in which ' the 
rocks have been folded and fractured in the 
process of upheaval. When rain water, in a 
bent and drained, is held back upon 
the land and hindered from escaping by the 
pressure of the sea roiuid its shores, the water 
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esceiids through the minor joints and capillary 
iterspaces between the particles of rock. Then 
; rises in temperature with the internal heat of 
lie earth, so as to facilitate the melting of rocks, 
dth which ,it combines. Some of this water 
ventually ascends through the planes of fracture 
nd displacement forming outlets for explosive 
mergy, discharging Aeam, dust, and the rock 
natter, both solid arid molten, which builds 
rolcanic cones. 

The past periods of geological time abound in 
3vidences of volcanic activity. From the im- 
perfect nature of theti’ccords which remain upon 
the earth their linear arrangement is not always 
evident ; but they nmy be inferred to mark lines 
of upheaval whicn brought islands into existence, 
or united them into continental masses of land 
in successive epocli^ft of gqf logical time. But 
besides the volcanos which aice marked by beds 
of ashes and lava-flows, and tHe throats up which 
the mblten mdlter ascended, there are in many 
parts of the world extinct volcanos with their 
cones well preserved, as though the craters had 
been recently active. 

A little south of the Pyrenees, in the basin of 
the Ebro, thore are fifteen cones about Olot in 
Catalonia, built of cinders, from each of which 
bva has flowed# in streams still to be traced, yet 
SO long since that the existing rivers have cut 
passages for themselves through the lava, 

• The Auvergne is a granite platform in which 
some ancient rocks of thdP carboniferous period 
occur. This district appears to have been an 
island traversed by a line of fracture from 

B 
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N.W. to S.H., which corresponds to the uplifting 
of the crystalline rocks. A second fracture runs 
from N. to S. In this region are the ruins of 
the fotu- grand volcanos known as Mont Dore, 
Cantal, Canton d’Aubrac, and Mezep. The lava 
flowed from Mont Dore for 20 miles. The 
minor cones, of which there are lyindreds, range 
through the country in sc broad bsyid, from N. 
to S. Many have the tJraters burst down by 
the lava which ascended in them, and overflowed 
into the neighbouring valleys. 

Beautifully preserved volcanic cones are found 
to the north of the Mosell® river in the district 
known as the lower Eifel. It may have been 
in this country that the tpruption took place 
which Is mentioned by Tacitus as having affected 
the country near Cologne, in the reign of the 
Roman Emperor N^ro. For a long way up the 
Rhine the rocks aye volcanic ; and evidences of 
extinct volcanos arfe found west of the Rhine, in 
many parts of central Germany*; and a •series 
ranges through Hungary S.W. of the Carpathians 
into Servia. 

The latest volcanic outbursts in the British 
Isles were at the beginning of the Tertiary period 
in Skye, Rum, Mull and the adjacent mainland 
of Scotland, and in the north of Ireland, where 
streams of mud due to volcanip dust, washed 
down by rains, covered op the vegetation of the 
country before it was deluged with the black 
lava named basalt. Branches ai the conifer 
Sequoia, and of planS trees covered with leavesil 
are preserved in the consolidated mud which 
underlies these lava-flows. 



CHAPTEE III 


THE MATERIALS OF MOUNTAIN CHAINS. 

The samo ca\isc M'hich produced the local heat 
and fractures Avhich led to volcanic outbursts, 
has folded tBe earth’s crust. Eocks many 
thousands of feet thicl^ have been bent, folded 
and crumpled. This structure, which is shown 
in the succession of rocks on the surface of 
Bvery country, in folds termed saddles and 
troughs, is most a^^ounding in its intensity 
in mountain chains. The upheaving of the 
t>arallel ridges of ^mestone rock known as 
the Jura chain, forming the frontier between 
Switzerland and France, is a beautiful example 
of troughs which form valleys, jjarting the 
elevated ridges from each oflber. In that part 
of the Alps known as the** Grisons, all the 
geologKal depoeits, from the tertiary down to 
the oldest, have been turned upside down, in 
the process of folding by lateral displacement; 
which is the sole cause which lifts mountain 
ranges. The curved form of the earth neces- 
sitates that every axis of elevation must be 
accompanied llty spurs at right angles to itself, 
or by parallel ranges. The parallel system is 
exemplified iji Ihe chains of North America, 
which lie between the Eocky Mountains and 
t^ie Pacific. , 

These folds once formed remain for all time. 
They may be raised higher, or depressed be- 
neath the sea, and new rocks laid down upon 

Q. 22«r^ ” 
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them; but as those ancient folds increase in 
intensity Muth the . slow succession of geological 
ages, the newer rocks, become folded with their 
folds, and the folds run in the same direction. 

In such puckered and crumpled rocks as 
mountain chains exhibit on their denuded 
heights, there is almost invarkbly evidence 
of a crystalline texture# This 'may be attri- 
buted to the influence «> of the heat produced 
by the mechanical power, transformed by the 
resistance which the rock mass offered to con^- 
pression. 

The rocks which form mountains are chiefly 
slaty rocks, and schists, with hero and there 
some granite masses or sheets of volcanic rock. 
They have only been laid bare by the removal - 
of vast thicknes.scs of water-formed rock which 
once extended ab<jve them. If the crystalline 
materials are not the necessary products of the 
upward thrust of* the mountain chain and ad- 
jacent land which supports it, it 'may be diflicult 
to account for the uniform character of the 
rocks of which the durable central masses of 
mountain chains are built. There are stages in 
this process of change. The flanks of a moun- 
tain range commonly show the fine microscopic 
crystalline texture of slate, whno the central 
masses show the coarse crystalline texture of 
i^chist, or granite. 

The part, which slate plays in the forma- 
tion of mountain masses is weU seen in the 
structure of the mountainous regions of North 
and OentraLWales, in parts of the Lake District 
in li^wtmoreland and Cumberland, and in the 
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south of Scotland. It is certain that slate was 
originally a -water-formed rock, a mud which 
consolidated into clay. It often shows successive 
parallel beds marked by differences of colour. 
Welsh slates sometimes contain clay pebbles, 
such as occur at the present day on shores where 
the cliffs are of compact clay. Many slates con- 
tain fossil repains of 4inimal3 which lived in the 
sea when the old mud vias accumulating. Those 
fossils are often distorted and squeezed into half 
^heir original breadth or length, showing that the 
whole mountain mass has undergone compression 
and condensation, ffhe compression has bent 
the rocks into synclinal troughs and anticlinal 
saddles. The slaty*texture is most developed 
in the troughs. 

The effect of this lateral pressure has been in 
the fiyst place to turnjthe film^of water contained 
between the particles of the, old mud at right 
angles to the direction from Vhicb the pressure 
came. * The relistance offered by the rock trans- 
formed a large part of the motion imparted to its 
particles into heat. That heat raised the tem- 
perature of the water contained in the rock, 
enabling each him, under the pressure, to dissolve 
some constituents of the mineral matter in which 
it was contained. These slaty rocks often pvo 
evidence of havjng been fractured through their 
thickness bj^ minute dislocations, and subse- 
quently re-united. Such breakage, relieving the 
pressure, would cause the temperature to fall, 
and the substances which *had been dissolved 
then crystallize in minute films, paradlel to each 
other, extending throughout the mountain mass, 
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and having no relation to the original planes in 
which the mud was deposited. These microscopic 
crystal films resemble such minerals as mica or 
chlorite. They impart to the rock the property 
termed slaty cleavage. This cleavage causes it 
to split in layers which cut across the original 
folded or faulted planes of bedding. This micro- 
scopic crystalline changef of textuue imparts to 
the rock, now termed sFate, a remarkable dura- 
bility. Its particles are laced together by a net- 
work of parallel films of microscopic crystal^ 
Slates may be of any antiquity. Nothing but 
folding and uplifting of iftountainous masses is 
needed to form them. In this country, however, 
they belong t# the ancient epochs of time distin- 
guished as pre-Cambrian, Cambrian, Silurian, and 
Devonian. 

Schists. — ' The tiransitioift between slate and 
schist are commonin mountain regions. Crystals 
of other minerals are sometimes developed ^on the 
cleavage planes of slate. Some slates are very 
micaceous ; and it is sometimes difficult to say 
where mica slate ends, and mica schist begins. 
The original bedding is usually obliterated in 
schists ; so that the rocks give no evidence of 
having been deposited in water, j Occasionally, 
as in the mica slates south of Bergen in Norway, 
beds of limestone, in which fossiis are preserved, 
are found in such rocks. In the north of 
Scotland fossil-bearing beds, known as the Dur- 
ness limestone, occur between schiSts, where they 
are introduced by hofizontal dislocations. 

A schist presents to the eye an arrangement of 
short irregular layers of crystals, which is similar 
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to the appearance which a thin film of slate shows 
under the microscropc, although schists differ 
from slates in having all their material crystal- 
line. There is some reason for regarding them 
as results of intenser action of such compression 
as imparted a slaty texture to ancient beds of 
very varied mineral character. 

A schist tlfiis foliated is typically an alternation 
of films of the mine^jil quartz with some other 
minerals. Each quartz film is made up of a 



Fig. 1.— Gneiss: showinff foliated structure, from Gairloch In 
Ross-shlre. 


number of crystals matted together, and occa- 
sionally little plates of mica sejjarate the indi- 
vidual crystals from each other. The mineral, 
which alternates with the quartz, gives its name 
to the schist,* as mica schist, hornblende schist, 
chlorite schist. Some schists, such as gneiss, are 
identical with ^anite in mineral composition; 
some are identical with^slates in chemical com- 
position. Schists are frequent^ contorted and 
crumpled, as in the cliffs round Holyhead, with a 
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minuteness c f folding which is not seen in slates, 
like slates they can be inferred to have been 
crystallized by the transformation into heat of 
the pressure Avhich elevated them. They have 
been exposed at the surface by removal under 
the denuding action of water, of the rocks which 
originally covered them. 

Schists often alternate wifli crystalline quartz- 
rock, which ap)pears to have l)een ^ originally 
sandstone, met amorphosed by partial solution and 
crystallization which has blended the grains. In 
some localities, as on the west coast of Scotland, 
limestone occurs in schists anc^^neiss. Its texture 
is frequently compact and crystalline, and some- 
times saccharoid like statuarjj marble. It con- 
tains many minerals but no fossils. All lime- 
stones were originally deposited from water. 
Thus the three chief types of ^ water-formed rock 
— sandstone, clay aifti limestone — appear to be 
represented among ichists. The j^rocess which 
has rendered them crystalline is ^rmed meta- 
morphism. Metamorphic rocks, whijh divide 
into layers by differences in the mineral char- 
acter of their crystalline constituents, are said to 
bo foliated. This foliation may be legarded as 
closely comparable with the cleavage of slates. 

Schists may be formed of quartz,i-felspar and 
mica in parallel layers, when the rock is termed 
gneiss. The crystals of a schist m"ay .be thrown 
out of their parallelism, as in Anglesea, so as to 
present a confused mixture, wnicji has been 
termed granite. SomOi* observers, however, take 
the converse view^ and believe that the original 
texture of the rock was gi'anite, and that the 
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schistose texture has been acquired by shearing 
j ^movement acting on a heated plastic rock. In 
""the south of Cornwall a schistose texture has 
been imparted in the metamorphic region of 
Cornish schists, to rocks w^hich were originally 
volcanic. 

Metamorphism is produced in several distinct 
ways. Whep ihe roc^^s of an elevated tract be- 
come changed in textur-k throughout their mass, 
the ^ . expression ^ regional metamorphism ’ has 
been used to distinguish such wide spread trans- 
formations of rock texture, from the local altera- 
tions of texture termed “ contact metamorphism,” 
which result from highly heated rocks acting 
upon the sediments oyer w'hich or through which 
they flow. The changes produced by the action 
of the atmosphere and infiltrating vrater, which 
break up minerals or%inated by heat or pressure, 
alid elaborate others* in their place, give rise to 
‘‘sub-aerial metamorphism.” ’ 

In flhe centrsEl regions of mountain chains, such 
as the Grampians and the central axis of Devon 
and Cornwall, schists sometimes pass into the 
condition termed granite ; so that there has 
sometimes seemed to be a relation of cause and 
efiecl between the position in which the granite 
occurs, and tlfc way in ivhich its mineral matter 
is arranged. ^ 

Granites vary so much in the minerals they 
include that they form a family of rocks dis- 
tinj^shed by chemical and mineral composition 
ana texture. The minerafe depend upon the 
chemied constituents. The silica varies from 65 
per 06!^ to 80 per cent. The alumina from 7 
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to 20 per cent. So that the quartz is commonlj 
from a fifth to a th^rd of the bulk of the granite 
though occasionally nearly two-thirds. The micf 
may occasionally be only 1 per cent., though it 
is commonly between 5 and 25 per cent. The 
felspars form between 40 and 70 per cent, of the 
rock. Sometimes a green variety of hornblende 
gives rise to hornblendic^granitc. Granite may 
include angular fragments of schists, slate and 
limestone, often of immense size. These frag- 
ments appear to show that the granite ig 
intrusive, and that it tore them away from 
rocks through which it paosed. Instances have 
been recorded of granite resting upon schist. 
Granite is also intruded ^>on a smaller scale, 
forming veins, which penetrate into other rocks, 
or sometimes cut through the granite itself. The 
only evidence of the condition and temperature 
at which the granite' was intruded is afforded by 
its junction with slate. In Cornwall, where the 
slate near to it has acquired the ^texture df mica 
schist and gneiss, there is no evidence to show 
whether that metamorphism was due to the heat 
of the granite, or to the pressure which it exerted, 
or both combined. 

A few rocks which are found in mountain 
regions resemble granite in textAre, but differ 
from it in mineral constituent^, owing to the 
original chemical difference of the material out 
of which the crystals are formed. Syenite 
is well known in Charnwood Sorest and in 
Guernsey. Syenite ds a rock formed commonly 
of orthoclase felspar, hornblende and black mica. 
They are a variable group, including mica 
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syenites, augite syenites, nepheline syenites, 
zircon syenites and many others. 

A third type of granitic rock is named gabbro. 
It is familiarly known in the Cuchullin hills in 
Skye. Its crystals are as large as those of granite, 
and similarly arranged. It is formed of a 
plagioclase f^^lspar like labradorite, associated 
with some ^pineral ofr a brassy or metallic aspect 
like diallage, and oftcr!^ contains black mica and 
olivine ; and in some localities hornblende. 

^ These granitic rocks have been termed plutonic 
because they appear to originate in the region 
which mythology assigns to Pluto, in the interior 
of the earth, consolidating slowly under great 
pressure. 


ClfAPTEl! lY. 

\^OLCANIC ROCKS. 

No clear distinction can be drawn between plutonic 
rocks and coarsely crystalline forms of volcanic 
rocks. Both are extruded in some instances from 
deep seated parts of the earth. In consequence 
of the rigid Condition of the globe it is impos- 
sible that thosg rocks came to the surface from 
an unconsolidated interior by ascending fissures. 
Many writers have assumed the existence of 
•molten areasaor lakes in the interior of the crust, 
as a source for Java streams, which sometimes 
flow on the surface for a hundred miles. 

Others, again, assume that the longitudinal 
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fissures, along which volcanic cones have been 
built, penetrate down to diflTerent lajrers of 
the earth, each distinguished by having the ' 
mineral character of the different kinds of vol- 
canic rocks. Such a fissure allows the atmos- 
phere to penetrate downwards, and removes from 
the heated rock the pressure which had kept it 
solid. The rock then liqmfies and ascends the 
fissure like fluid in a pmnp, until it comes in 
contact with water derived from the earth’s 
surface, and so generates steam, which forms 
the explosive outbursts. The steam ascends 
miles high into the air, carr;^ing up the rock in 
the form of dust. The dust from the volcano 
Krakatoa, in the Strait of Sunda, ejected in 1884, 
remained suspended for more than a year. 

On tliis hypothesis the difference between 
plutonic rocks and volcanic rrjcks is in the circum- 
stance that the plutonic rocks consolidate deep in’ 
the earth, while the volcanic rocks consolidate 
under the pressure of the atmosphere, or nefir to 
the surface. 

The principal types of volcanic rocks are 
named Rhyolites, Trachytes, Andesites and 
Basalts. The basalt has been supposed to be 
the last formed ; and to have come from a 
greater depth than the others, beh^g commonly 
the densest of the volcanic rocks, r. It frequently 
rests upon andesites and rhyolites. These rocks 
have been repeated several times in succession in 
the history of the earth. Rhyolitesrare found in- 
the old pre-Cambrian <iocks of Wales ; andesites 
in the Cumbrian rocks of the Lake district^ and 
the Old Red Sandstone of Scotland ; while in the 
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later Coal Measures there were countless out- 
bursts of basalt. The volcanic rocks of the 
Tertiary period in Britain are a repetition of 
those of the Primary period, basalts succeeding 
andesites and rhyolites. 

There is at the present day something like a 
geographical distribution of the different volcanic 
rocks. The volcanos ^f the Andes pour out the 
rock named andesite. •The volcanos of Southern 
Italy give out varieties of basalt. Metals are 
very rarely associated with volcanic eruptions, 
though an appreciable quantity of silver has been 
found in volcanic asl» of Tungui*agua, in Ecuador. 

Chemical and mineral composition alike suggest 
the closest relation between the deep-seated 
crystalline rocks and those which flow from vol- 
canos. The plutonic ^anite appears to become 
the volcanic rhyolit^ rlut<mic syenite and diorite 
on reaching the surface app^r^to become andesite. 
And the rock which cooling ‘under pressure be- 
comes gabbro,%fter flowing on the earth^s surface 
becomes basalt. 

Rhyolite * — The name rhyolite indicates the 
fluidal structure of the cooled lava, which results 
from the movement of minute crystals about 
larger crystals in the flow of the molten stream: 
Some of the Crystals are visible to the eye. The 
material betweqp them is named the ground mass. 
Under the microscope, this ground mass is seen 
to be formed of microscopic crystals, with an un- 
.crystalline material between them, distinguished 
as the base. The visible crystals are principally 
quartz, with the glassy variety of orthoclaso 
fels^r named samdine. These minerals may 
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form the entire mass of a granite rhyolite. But 
rhyolite may be fr^^e from crystals, forming a 
glass, such as obsidian ; or be exjmnded into a" 
froth like pumice. 

Nearly all crystalline rhyolites are full of 
concretions with a radiating structure, or alterna- 
tions of granular layers with spherulitic layers, 
and these are known as spl^erulites. ^Besides the 
common form of (piartz, mother variety named 
tridymite occurs, in hexagonal plates. A little 
mica and sometimes hornblende maybe diflFused. 
in the rock. The oldest British volcanic rocks of 
St David’s, Bangor and the Wrekin, are rhyolites. 
Rhyolites and rhyolitic ashes often occur around 
granitic centres, as though ^hey were mutually 
related. 

Alldesite . — Andesites contain 55 to 75 per cent, 
of silica. As the siljca increases, the percentage 
of alumina decreases from IJO to about 12 peT 
cent. "I he oxide of iron and lime also become less 
with the increase of silica. Tyj^ical andesites are 
formed of oligodase felspar, and columnar horn- 
blende, in a glassy ground mass, with a little 
mica and magnetic iron. The quartz hornblende 
andesites correspond to syenites in chemical com- 
position ; just as syenites correspond chemically 
to some Cambrian slates. The horhblende ande- 
sites, which are free from qna^rtz, are closely 
related to the rocks named diorites. Andesites 
are largely quarried on the Rhine, in the 
Siebengebirge, near the Apollinaris spring at 
^Remagen. Andesite abounds in black concre- 
tions rich in hornblende, like those found in the 
granite of Shap in Westmoreland. Phonob'te 
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■ probably a volcanic representative of a syenite 
ithich contains the mineral nepheline. 

I Basalt , — This is the most familiar volcanic rock. 
Its silica varies from 45 to 55 per cent. Oxide 

iron, lime, and magnesia are more abundant 
[fi it than in other volcanic rocks. It consists 
jhiefly of the minerals labrador-felsj)ar, and 
uigitc, or somd similaj substiincc, usually associ- 
gited with a^ittle mag^ietite and olivine. It is 
Hark in tint, grey-brown, blue-black, or greenish 
plack when freshly broken. Cooled slowly, it 
||ains a fine granular texture, and is known as 
sdolerite, # 

I In the most ancient basalts of Cambrian, 
Silurian and Devonian ages the olivine and augite 
have been partly decomposed, and converted into 
a green mineral like chlorite. The basalt or 
dolerite is then known as diabase. The less 
altered dolerites, of d^bonifftous age, have been 
Itermed melaphyres. Occasionally the felspar in 
basalt ^ay be teplaced by allied minerals. In 
Etna and Vesuvius leucite takes its place. There 
is also a nepheline basalt. 

Olivine may take the ]>lacc of felspar. That 
mineral then gives a name, peridotite, to the 
rocks in which it is an essential constituent. 
Those rocks are frequently converted by decom- 
position into serpentines. 

Volcanic rocks of the basalt family sometimes 
divide into beautifully regular six-sided columns, 
such M are fajpiliar in the island of Staffa, and 
the Giant’s Causeway in the JToith of Ireland. A ^ 
lava-flow sometimes cools from its floor and also 
from its upper surface ; and two independent sets 
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of vertical columns of different sizes may then be 
formed, separated by an undivided crystalline 
part in the middle.’ 

Each of these kinds of lava may also be repre- 
sented by fragmental rocks, having the aspect of 
cinders, or dust. In past periods of geological 
time, beds of volcanic agglomerate, of ashes, and 
vesicular lavas are common in association with 
compact lavas. In N(,»th Wales,* among the 
Arenig rocks, the ashes arc enormously thick in 
Cader Idris, Aran Mowddwy and Arenig moim- 
tains, and there is little doubt that the ash wab 
ejected from volcanic throats near Dolgelly and 
Arenig. 

In the Permian rocks near Exeter, the beds 
of volcanic ash at Pocombe are manifestly drifted 
by the wind. And at Spence Combe the lava 
flow is highly vesicular, with the vesicles filled 
with minerals, givii^ siiigmar evidence of elon- 

S tion of the steak cavities by flow in these old 
ras of Devonshire. 

There is a close chemical resemblance between 
the several types of volcanic and plutonic rocks, 
and a marked similarity in their mineral com- 
position, which suggests a common origin. The 
evidence is not quite so complete that would tend 
to establish a transition from the plutonic rocks 
through schists to water-formed deposit?. It 
has not been fully collected, but deserves ex- 
amination, since the earth offers no indication 
of a beginning in its geological history. If 
metamorphism such., .as is manifest in the older 
rocks, were extended over the earth’s surface 
it would obliterate records. And .the wearing 
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up of such metamorphosed rocks into new sedi- 
ments would ensure a succession of similar rock 
materials. 


CHAPTEK V. 

# 

THE MATERIA iS OF STRATA. 

Terrestrial Hocks, 

Around many parts tof the coast, as in Lanca- 
shire and Norfolk, the winds blow up sands from 
the sea-bed, laid barest low tide. These sands 
form low ranges of hills, knoAvn as sand dunes. 
They often show forms of hill contours as varied 
as are produced by tte work of water and frost 
in carving hills out i5f solffl , material. These 
sand dunes are but an insignificant illustration 
of theVork dofle by the wind, in heaping and 
rounding the gi'ains of sand which form desert 
regions. There, every grain of quartz, which 
in a sandstone usually retains some of its angles 
of crystal form, is rounded by long continued 
motion, till it becomes a miniature pebble. 
There is somep evidence that desert conditions 
not altogether dissimilar to those of Arabia or 
the Sahara may have existed in our own country 
at the beginning of the Secondary period of time, 
when the rocloi salt was in process of accumula- 
tion by the evaporation of l»nd-locked basins of 
the sea. In Lancashire and Cheshire, in the 
lower part of the Trias, there are some layers 

c 
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known as the “ millet seed beds ’’ because the 
separate grains of .sand flow between the fingers 
like millet seed or shot. Those minute pebbles 
are not all of quartz but partly of felspar. 
They can onl)^ bo compared to blown sands of 
deserts in their pebble-like forms. 

The less completely rounded sand grains in 
ordinary sandstones, h?ve probii^ly acquired 
their character from dong continued rolling, 
partly in rivers, partly on shores, as they have 
passed from one geological deposit to another 
in successive epochs of time, as a consequence 
of the construction of new* layers of Vock out of 
the materials of ancient lands ; a process repeated 
again and again, and still in progress. 

Another terrestrial rock which can scarcely be 
termed water-formed because it is accumulated 
by vegetfible growth, is sern in the peat, which 
covers large j)arts of thd^’earth s surface where 
the mean temperature falls below 42*’ F. It is 
well known that peat frequbntly originates 
in the fall of forest trees, because they obstruct 
the surface drainage on level lands, until bog 
jJantsgrow and form a sponge-like covering to 
the land which buries the fallen trees, and kills 
the adjacent forest. Such accumulations in 
Cambridgeshire have been stated to attain a 
thickness of 40 feet. In the Fast of England, 
as in Ireland, there are two successive peats. 
The older has j^ew trees at the base ; and the 
newer peat covers forests of pincp trees. In the 
Fens of the Isle rf Ely these peats are often 
separated by a clay of marine origirii, the ‘‘buttery 
clay of the Fen-man, the Scrobicularia clay of 
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science, so named from a bivalve shell found in 
^ it, which lives in the swampy inlets on the cast 
coast of England. In that clay are occasionally 
found the remains of walrus and seal, whale and 
grampus ; showing that the inlet known as the 
Wash extended southward during the deposition 
of the clay, over the lower peat in much of the 
Isle of Ely. When peatibccomes compressed by 
the deposition of siiperimSimbent rock, it is con- 
solidated like the rocks with which it alternates. 
Tljere are important geological deposits, which 
have grown in the same way, in the successive 
periods of time. At th# beginning of the tertiary 
period, at Bovey Tracey in Devonshire, alterna- 
tions of lignite and «lay form a succession of 
layers which fill up a lake-basin in the older 
\ rocks : similar growths arc seen in the Brack- 
i lisham beds of tlie Jsle of^ Wight. In the 
' Secondary rocks there is a remarkable bed of 
vegetable matter five feet thick, at Brora in 
I Sutherland, whictf is worked for coal. Thinner 
:) beds arc found on the Yorkshire coast, which 
appear to have grown like the modern beds of 
peat, in the positions in which they arc found. 
Far more important are the beds of consolidated 
vegetable matter found in the upper carboniferous 
rocks of the prtmary period, which are com- 
monly known as coal. They often give evidence 
of change in level of land during their ac- 
cumulation ; the same bed being thick in one 
place and divide! up at a little distance by 
intervening sedimentary deiJbsits. These ac- 
cumulations of sediments preserve indications 
of the plant life of the earth, and in the 
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associated sediments are occasionally found re- 
mains of insects, and other terrestrial animals 
which lived in the same epochs of time. 

Pebble Beds. 

Any rock Avhich is sufficiently durable to 
break into compact pieces may give rise to a 
pebble bed when the^i fragments are further 
reduced in dimensions hy the action of frost, or 
the transporting movement of a flowing river, or 
the battering action of waves upon a shore or 
shoal. 'I'hc harder rocks are not rounded into 
pebbles without long continued rolling. The 
term pebbles is applied to stones more than half 
an inch in diameter, so ^that they vary in size 
from Barcelona nuts to cocoanuts. Stones which 
are larger than these are termed boulders. 
Stones which are smaller|are often termed grits. 
A river flowing IVo nmes an hour transports 
stones as large iis eggs, so that pebbles may be 
brought by such means from many kindb of rock 
which are exposed in the interior of a country. 
They are mixed and accumulated either on 
shores, or where the stream leaves them behind 
owing to its slower movement. 

The pebble beds around shores are carried 
backwards and forwards with ^he daily move- 
ment of the tidal waters, and they serve to mark, 
when covered up by other sediments, ancient 
shores of seas which existed in bygone time. 
Pebbles which exist " in the^ old geological 
deposits have be» derived from granites and 
schists, from consolidated quartz rock, and lava 
streams, from consolidated sandstoifes, and veins 
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Fio. 2.— Con#flomerato of fiint-pcbbles, from IIjc Ilertfonlshlro 
puddingstouo, showing the external surface of tlio pebbles. 
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of quartz which infiltrating waters have deposited 
in the cracks which upheaval has produced in 
ancient slates. !Many beds of pebbles have been 
formed from concretions of Hint, and similar 
substances, which prove more durable than the 
geological deposits in which they were contained. 

Pebble beds indicate the ceaseless action of 
water in wasting the eirth's surfece, which has 
gone on without intdl*mission through all the 
periods of past time, because tides have never 
ceased to flow and ebb or rivers to run. 

The positions in which pebble beds accumulate 
have changed, because tlie outlines of the seas 
alter with the folding of the rocks in successive 
ages ; and the pebbles frerpcntly come back again 
age after age, with variation in level of land at 
long intervals, to be re-deposited in the same dis- 
trict upon a shallop sea-bfd, or shore-line. 

Occasionally ^he pebUfes are scratched, and 
some in the Permian rocks of Worcestershire are 
regarded as ice-worn fragments. 

The pebbles are frequently bound together by 
a cement, which converts a loose aggregate of 
stones into a compact and durable rock. The 
most important of these cements is silica which 
is occasionally more durable than the pebbles 
which it binds together, as may be seen in the 
Hertfordshire puddingstone. Such rocks, named 
conglomerates, are also formed when the pebbles 
are bound together with a cement of oxide of 
iron, or of caimonate of lime. • 

Conglomerates aftd pebble beds are among the 
oldest known geological deposits in Britain. 
Among the primary rocks they are formed 
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almost entirely of granites, schists, and lavas. 
Among the secondary rocks the pebbles which 
make up conglomerates are frequently derived 
from rocks that have more obviously had a 
water-formed origin. In the tertiary period of 
time most of the English pebble beds have been 
deiived from the grinding up of flints, liberated 
from the destniction the chalk. 

Pebble beds freqijpntly mark important 
divisions of geological time iti the country in 
which they are found ; because their existence 
implies change of level of land which resulted 
in the tidal denudatitn which brought them into 
existence. Among examples of great pebble 
beds and conglomerjjtes may be mentioned the 
geological deposit known as the Llandovery beds, 
which in Wales forms the base of the true 
Silurian rocks, and extends successively over the 
upturned edges of Wfe ohter Cambrian rocks, 
which had previously been planed level by the sea. 
• • 

Sands. 

There is a rapid gradation between pebble- 
beds and sands. Beds of intermediate texture, 
with many grains as large as peas, are named 
grits, and are typically seen in some layers of 
the “Millstone grit,” which underlies the coal. 
The grains are piiniature pebbles, often angular, 
formed by rounding angular masses of quartz 
rock on a sea shore. On a sandy shore, like 
that of Hastijigs, Rticulvers or Hunstanton, the 
.sands now being de^site^ are derived from 
sandstones which form the cliffs, broken up first 
by joints, and afterwards separated into grains, 
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similar to the material out of which such sand- 
stones were originally consolidated. Cambridge 
Greensand, and Neocomian sand contain many ‘ 
rock fragments and fossils derived from ancient 
deposits. 

The particles of quartz are often crystalline, 
but are sometimes derived from uncrystalline 
forms of silica such as chalcedony, chert, opal, 
and flint. Under the n^jcroscopo ^he source of 
the grains can usually be recognised ; for if the 
quartz was originally crystalline all the crystal 
faces are rarely lost, and the mineral may 
include hair-like crystiils ff other minerals, or 
minute cavities in w'hich there may be fluid with 
a bubble of air. This is ^nough to show that 
the quartz came originally from the wearing 
away of schists or granitic rocks, in times when 
the level of the land caused those rocks to be 
exposed to the desti'oying^i/ifluence of the waves. 
But although a sandstone is mainly formed of 
quartz, it rarely contains more tlian from*^ 60 to 
85 per cent, of silica, — the whole of which is not 
in the crystalline form of quartz. There are 
frequently grains of water-worn felspar in a sand. 
The felspar, which is a silicate of alumina com- 
bined with a silicate of soda or potash, may 
decompose, liberating the soluble silicate of soda 
or potash. Felspar crystals abpund in the old 
Cambrian sandstones of Barmouth, in the 
Devonian sandstones of South Devon, and in the 
Trias sandstones of the South of England. Sand- 
stones often contain^ scales of the mineral mii»,. 
as in the Yorkshire sandstones, used for paying. 
Sometimes the mica decays, and then the iron 
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oxide, which was one of its constituents, gives a 
rusty colour to the Sixndstone. . Many sandstones 
’are mainly the grains of quartz, which wore con- 
stituents of crystalline rocks, liberated by the 



Fio. 4.*~Lam!nated vertical sand (Bagshot sand) of Alnm Bay in the 
Isle of WIgliti showing cuirent bedding. 

decay of minerals with which they were associ- 
ated, and left J^ehind' comjxxratively near to the 
source from which they ifere derived. The 
finer particles associate with them which 
Insulted from the decomposition of other minerals 
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have been carried to greater distances. A stream 
flowing three miles an hour at its bottom, carries 
away sand ; but sand may be carried out to a 
distance of more than 50 miles from the shore. 
The size of the particles of sand when coarse is 
of an inch ; but the majority of the grains 
vary from of an inch to i(n)riF of an inch in 
diameter. ^ 

When a .sand is laid down it *is incoherent. 
It often shows evidence of its shallow-water 
origin, in the manner in which currents have 
brought its materials from different directions. 
After a deposit of sand i» uplifted, and exposed 
to the action of rain-water flowing through it, it 
begins to bo bound together by a cement which 
determines its durability. There are three chief 
kinds of cement, which were originally of veget- 
able or animal origin. First, there is the iron 
sand which is comhionl;f*i'i)d, yellow, or brown ; 
and is rarely green. The iron was prolmbly 
collected from the sea- water bjt the grd'wth of 
marine plants, and lil>erated by their decay. 
Oxide of iron is liable to accumulate in the 
planes in which water has flowed underground 
through the rock, which are sometimes deter- 
mined by strain. Examples of sand so coloured 
are seen in the Bagshotbeds of Alum Bay, in the 
Isle of Wight; and the Wealden beds of 
Warbarrow Bay, in the Isle of Purbeck. The 
Wealden sands of Kent and Sussex are so rich 
in iron that they were for a long time the main 
source of the metakout of which English imple- 
ments of war and ornaments of art were made. 

Sands are often bound into calcareous sand- 
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stones by a cement of carbonate of lime. It is 
sometimes derived originally from the evapor- 
* ation of water, but more frequently from the 
falling to the bottom of organisms, which lived 
in the water, or by the accumulation of marine 
shells. Tho Kentish Ibig, which forms the lower 
part of the Lower Greensand, is a familiar ox- 



Fig. «}.— l4ipi>le-inurKeil .'Ululbtone from Permian Hocks In the Karoo, 
near Prince Albert, Cape Colony. 

ample of a ci^careous sandstone in the S.E. of 
England. The shells become dissolved by water 
flowing through* tho rock ; and the carbonate of 
lime of which they consisted is rc-deposited, so as 
to fill the interspaces between the grains of 
quartz, and form crystals which bind the sand 
iuto a sandstone. * 

The third kind of sandstone as modified by 
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the cementing material, is the siliceous sandstone, 
in which the grains of quartz are bound together 
by silica. These sandstones are of all geological 
ages. The material of the cement appears to be 
in most cases, if not always, the minute particles 
of the siliceous skeletons of sponges, some of 
which resembled the hhipledella speciom from 
eastern seas, sometimes k^own as Venus’s flower 
basket. The spiculae which form the skeletons 
of such sponges, dissolved by the water draining 
through the rock, furnished, a cement which is 
deposited in the same way as the cement of 
calcareous sandstones. Infiltration of this silica 
frequently builds, within the sandstone, compact 
layers of a flinty rock, kqpwn as chert. Such 
layers are found in the Lower Greensand, the 
Upper Greensand, and especially in the Carboni- 
ferous Limestone. In theiiS.£. of England the 
sands and sandstoji^, secWflary and tertiary, are 
often coloimed green, with the mineral glaucon- 
ite. As a rule sands are red, yWlow, or brown, 
coloured with oxides of iron. They are shallow- 
water or shore deposits which show current 
bedding, due to deposition by changing cur- 
rents, as well as ripple-marks of wave movement, 
and footprints of animals. 

t 

Chy. 

Any substance which is taken up by moving 
water so as to cloud it, is popularly termed mud, 
and mud when deposited consolidates into clay. 
Mud banks abound^n parts of the coast where, 
clay forms the cliffs, because tidal movement of 
the water converts the clay into mud. It is 
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chiefly composed of light flocculent particles of 
silicate of alumina, which frost tears apart from 
each other, and the lightest shower movts down 
a valley. The mud of rivers is carried into the 
sea, as far as the fresh water can float over the 
ocean. The Yellow Sea i^ yellow with the mud 
of the Hoang-Ho. When the Jvhine at Bonn is 
turbid and full of wal^r, weight 

is mud ; bu£ after coiidiriued dry weather the 
sediment falls to tttj J ero weight. Thus 

the alternation of seasons may give a laminated 
character to deposits carried to the sea, marking 
the succession of yeawj by changes in the deposit, 
like the rings of growth in the wood of a tree. 

When clay extend^ parallel to a shore, in con- 
sequence of denudation of the clifts, it commonly 
has a definite relatitjii to coarser sediments which 
are deposited nearer sto land. This is seen in the 
large percentage of VfSrtid, stinvetinn s amounting 
to 50 or 60 per cent., which may be separated 
from Ways by Svashing. The particles of sand 
however are extremely fine, so that they are held 
in suspension for a long time by moving water. 
Under such circumstances, the chemical composi- 
tion of a clay is sometimes the same as that of a. 
sandstone ; and there may be an unbroken tran- 
sition from one deposit to the other through an 
intervening loaiu. Almost all the minerals which 
enter iuto the composition of crystalline rocks, 
are occasionally found in clays. Often the origin 
of a clay is levealed in the abundance of the 
*flakes of mica which are sj^attered through it, 
for the silicate of alumina corresponds chemi- 
cally with Recomposed felspar, and the presence 
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of particles of quartz diflTuscd in it, shows that 
the rock has 1 )eon derived from an old crystalline 
material. The presence of mica re’ ders it pro- 
bable that the schists which were denuded were 
of the kind termed gneiss, if the crystalline rock 
was not granitic. Some ancient clays have been 
found full of needles of the mineral rutile. The 
purest clays are formed #^n land from the de- 
composition of white gianite. Such a source 
would appear to be necessary for the beds of 
white pipe clay, found interstratified in the 
Bagshot sands of Ham2)shire and Dorset. 

The colours of clay are due to oxides of iron. 
Occasionally, as in the Woolwich and Beading 
beds at Beading, current bedding is marked by 
alternate layers of red and green clay. Such 
bedding would be unsusjwcted, but for the 
colour. Often a blue clay'i)asses into Hi br.>wn 
or yellow tint. It. iS theirtandy and porous, so 
as to 2)errait the infiltration of water charged 
with atmospheric air, which oxidises the iron. 

Minor sources for clay are the small percent- 
age of silicate of alumina which is the insoluble 
residiie left when limestones have been dissolved. 
This forms the red cave earth in limestone dis- 
tricts j and the red soil on limestones. Beds of 
volcanic ash, exposed upon the' surface, may 
become broken up by atraos2)heric decomposition 
and converted into clay. 

The bedding of clays is frequently marked 
by the occurrence of thin layers of earthy*lime- 
stone, or of concretions termed septaria, which 
are distributed in |)arallel layers, on zones where 
carbonate of lime was abundant. These con- 
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retions probably mark near approach to the 
imit to which the ancient mud was carried in 
he sea, where the sediment was becoming re- 
daced on the ocean Hoor by calcareous layers 
i organic origin. The septaria often contain 
ipwards of 50 per cent, of carbonate of lime, 
nd their occurrence api>ears to mark, either 
scillations in level of sea bed which varied 
he distance to which sediment was carried, or 
tidicates that the land area which was being 
rorn away to form the new deposit became 
lore calcareous. 

One of the most iti#eresting clay deposits in 
his country is the inflammable clay, known as 
uraeridge clay, found^n Lincolnshire and Cam- 
ridgeshire as well as on the Dorset coast. Some 
lyers of this clay when distilled yield as much 
s 40 pe« cent, of j^iraffin, naphtha, tar and 
eavy oils, which arc A’afilar ik> products of coal 
ir. Those chemical substances derived from 
oal beihg of ve^table origin, it is probable that 
he inflammable character of the clay is duo t) 
he growth of marine algie, though no traces of 
lant remains are found among the remains of 
lariae shells which crowd the deposit. 

Almost all clays yield the minerals, iron pyrites 
nd selenite, winch are closely dependent upon 
ach other. Ircyi pyrites mineializes fossils, 
nd occurs in irregidar masses. Both iron and 
alphur may have been liberated in the decay of 
iariue«plants. gAs the iron pyrites decomposes 
1 contact with the air, its su,^hur is converted 
ito an acid, which dissolves the substance of 
hells, expelling the carbonic acid, and forming a 
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hydrated sulphate of lime, known as selenite. 
Occasionally phosphate of lime forms concretions 
in clays and mineralizes fossils. Clays are com: 
monly formed in deeper water than sands, and 
further from the shores which furnished the 
sediment. 



Fia fl.— lithoBfupI »c limestone trom Soienhofen, showing clrci^ar 
staining at tlie Intersection of roctangular joints; and corrugated 
fracture on the rlglit side. 


Limestone. 

Limestones differ from other water-'formed 
rocks in not beitj^ sediments. Their particles 
have grown, as portions of organisms ; and have 
become rock substance, when the animals or 
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plants *died, which separated the carbonate of 
lime from water. Sometimes limestone is pro- 
•cipitated by evaporation of water. The carbonate 
of lime which forms limestones is usually in the 
mineral condition of calcite. 

Beds of limestone may be deposited over the 
Avhole sea-bed, Avhether the water is shallow or 
deep. As a rule they are most noticeable in the 
open ocean, beyond th^jmits to which sediments 
are carried. Limestone may be formed near into 
shore ; and when the rock is dissolved away by 
acid's, in some cases nothing remains but a vary- 
ing percentage of silic#ous sand, liocks of that 
kind are termed calcareous grits. 

Evidences of the shallow-water origin of some 
oolitic limestones in the west of England, are 
also seen in current bedding, wdiich characterizes 
some ool^ic rocks, an^ is as marked as in sand- 
stones.*" The limesiie::*es itamed oolites, are 
probably all formed in moderate depth of water ; 
since there is awrac evidence to show that the 
oolitic grains may be derived from plants like the 
Nullipores, and larger grains, termed Pisolite, 
show a minute tubular structure, attributed to 
an orgjanism named Girvanella. 

Beds of shell limestone are seen in process of 
formation on our own shores. Shell-haven, in 
the Thames, takes its name from the manner in 
which shells are Srifted together so as to form a 
deposit ; and a similar accumulation may be 
observed at Shgll Ness wdiich makes the eastern 
end of the Isle of Sheppey. Parts of the forest 
marble in Oxfordshire, vonmt of accumulated, 
growths of shells ; and in Gloucestershire portions 
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of the same deposit show ripple marks which 
indicate shallow conditions of deposition. 

Coral reefs are also to be classed as shallow- ” 
water limestones since the coral grows most 
vigorously where the water is serated by the 
movement of the waves near to the surface of the 



Fio. 7.— Ciir'jotilfcrcus liiiieiitone, tlic aiirfare dissolved by rain, showlne 
Hie ivinniiis of Encib.lte columns, of wlilch It Is partly formed. 

sea. The great brainstone coral "Mmndnna and 
the compact coral Pm'Ues, associated with Nulli- 
pores build buttresses which constitute the 
living foundation of the reef. Our English coral 
limestones all mre evidence of ‘‘shallow-Svater 
conditions, exactly s^ch as are seen in the growths 
of fringing reefs of coral at the present day. 
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There is a second group of limestones which 
may be termed oceanic, or deep-sea limestones, 
•made known by exploration of’ the floors of the 
great oceans. They are largely composed of the 
minute organisms termed foiaminifera, such as 
cover so much of the Atlantic, Pacific and Indian 
oceans. Among geological deposits due to such 
organisms, may be placed the Chalk of Europe ; 
the Nummulitic limesto9<^ which extends through 
Europe, Africa, and Asia; and the Fusulina 
limestone, which extends from Itnssia to Ja 2 )an. 

There are other animals which ai)pear to form 
deep-water limes: oiies^ since they live in some 
depth of water at the present day, such as the 
group of shells termed Brachiopoda ; and Encri- 
nites, which make up* portions of the Carboni- 
ferous Limestone in this country. 

An ocejjnic limestone is not necessarily built 
up in Seep water, a5>h#ugh# such rocks often 
attain a great thickness. It only necessary 
that tlie sea in® which the i*ock accumulates 
should be beyond the limits to which sediments 
from land can be tran ported. Ocean basins 
often increase in depth as the deposit increases 
in thickness, when limestones may be formed as 
thick as are the Carboniferous limestone of Flint 
and Derbyshire., 

Freiili Water Deposits. 

Accumulations of sands, clays, and limestones 
are brought dyvn from higher land wherever 
fresh wateis accumulate upon the land surface. 
If the pond or lake rests uii^n a limestone the 
deposits formed within the lake will be mainly 
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calcareous. Fresh-water plants like the Cham 
precipitate carbonate of lime upon the stem by 
absorbing the carbonic acid gas from the water, ‘ 
so that the carbonate of lime is no longer 
soluble. This ensures an accumulation of granular 
limestone as the plants decay. Such a deposit 
covers up the remains of fresh water shells, and 
frequently the remains o^ animals derived from 
land. • 

The lakes in Cumberland and Westmoreland 
are found to have their beds covered with 
deposits which consist of volcanic minerals when 
thejr lie in regions occupied' by old volcanic rocks ; 
while the deposits are ordinary sediments when 
the lakes are surrounded by rocks formed of such 
materials. If the lake is sufficiently large, like 
the Lake of Geneva, the sediments may be 
completely sorted, successively depos^od, and 

E ass from the cqnfiitioiP^ coarse pebbles and 
oulders where Ihe Ehone coming from the 
Valais enters the lake, to the •finest sddiment 
where its clear waters leave it, southward of 
Geneva. Hence a lake may contain an epitome 
of all known water-formed rocks — pebble-beds, 
sands, clays, limestones — as well as layers of 
plant remains consolidated into lignite. 

Examples of such fresh-water growth of sedi- 
ments alternating with lignite, have been already 
referred to in the layers known as Coal Measures. 
In the lacustrine deposits which are so important 
in the northern part of the Isle of Wight^ fresh- 
water limestones at^amiliarly seen at Headon Hill 
and Bembridge, which were formed in fresh-water 
lakes/and give no evidence of sediments being 
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mixed* with the calcareous matter. Other fresh- 
water limestones alternating with terrestrial 
surfaces, on which the remains of coniferous forest 
trees stand erect, are seen in the Purbeck beds, of 
the Isle of Portland and the Isle of Purbeck in 
Dorsetshire. Fresh-water sediments, alternations 
of sands and clays are found with numerous repeti- 
tions in the Wealden beds of the Isle of Purbeck, 
and the Isle of Wigfftj and they are associated 
into a few deposits, fairly well defined into sands 
and clays, in the Wealden strata of Kent and 
Sussex. 

Recognition of tjje fresh-water origin of all 
such rocks rests upon the presence in them of 
animals which lived in fresh water. When these 
are shells they are often matted together to form 
layers of some thickness. The types or genera 
are ider^ical with those which live in every pond, 
lake and stream on ^irsurj^ce of the country at 
the present day. The bivalvd shells are usually 
species of Cyclm, or Unio, or Amdonta, The uni- 
valve shells are either the pond shells PlanorbiSf 
Paludina and Limncea, or such river shells as 
Neritina, and the fresh-water limpet. 

There is probably no fresh-water limestone 
from which the seed-vessels of the plant Chara 
are absent. .Sometimes the presence of the 
siliceous spiculee of the fresh-water sponge, 
Spongilla, has resulted in fossils being mineral- 
ized with silica, as in the Purbeck beds, or the 
fonn|ition of ^iliceous layers and concretions in 
fresh-water limestones, which may be compared to 
the veins an9 concretions ofWint found in marine 
strata like the Chalk and Carboniferous Limestone. 



CHAPTER VI. 


THE SUCCESSION OF STRATA 

Contempoi'aneoiJLS origin of water-formal rocks. 

The conditions under ivhich sediments grad- 
ually become finer, as •the distance from shore 
and depth of water increase, show that all 
known varieties of rock may be formed and 
deposited adjacent to each other at the same 
time. Kot only are the •beds of peat in Irish 
bogs contemporaneous with the shell marls in 
the loughs, but these are contemporaneous with 
the sands, clays, and limestones which are 
forming at the present time in our seas. Any 
one type of mineral matter may be roijpr^sented 
by all the other typhs of^v^Kch layers of rock caA 
bo formed, in a succession of different localities. 
A geological period of time may*be as accftrately 
represented by terrestrial lignite, or fresh-water 
sands, as by any Hiid of marine deposit. The 
chalky muds dredged a few hundred miles west of 
Ireland are accumulated in deeper water in associa- 
tion with different ty^ies of life, but manifestly 
formed contemporaneously with the shell beds of 
Shell Ness, the muds carried out by the Thames, 
and the sands which are spread by the tides off 
Yarmouth. 

In all geological ages there hastbeen the* same 
contemporaneity oL ropks of different mineral 
character. Marine^rocks must have been laid 
down at the same time, as the fresh-water sands 

M 
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and clays of the Weald. An organic limestone 
Hke the chalk formed in .the open ocean, 
necessitates shores where sediments were laid 
down. And beyond those shores of the chalk 
sea were land surfaces of islands and continents on 
which plants and animals survived from age to age. 

Lands have never ceased to exist from the 
earliest ages. They h%ve changed their forms. 
Their height of elevatioi# above the sea has been 
altered ; they have been broken up into islands 
and re-united with other islands newly formed. 
The lands which exist at the present day arc 
built up almost entirSly of water-formed rocks, 
which have been spread out one upon another in 
the ocean. Every continent shows this history : 
a succession of ancient sea-beds, with the deposits 
formed upon them, alternating occasionally with 
old land surfaces which make known epochs when 
tlie sea-bed emerged froRi thf cjpean, and became 
land as it is now. * 

The ’shores, 'v^th their pebble beds and other 
evidences of tidal movement of the waters, have 
persisted from the earliest times, changing tlieir 
positions upon the globe, as the lands altered 
their forms, never entirely passing away through 
the long epochs of geological time, although they 
only occasionally come back again to the places 
in which shores bad previously existed. 

The open ocean with its limestones has probably 
been equally persistent and as variable in form. 
Very iittle is known of limestones which may 
have existed ih the earliest geological ages. But 
from their thickness and im^rtance in the time 
named Devoman and Carboniferous, and in all 
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subsequent times, it is inferred that the open 
ocean has persisted, though its depth has varied. 
There can have been no breaks in geological time, 
though there are breaks in the continuity of land 
surfaces, in the continuity of shore lines, and the 
continuity of deposits of the open sea. These 
breaks are local, like the breaks which are made 
by the islands or lands which divide the sea, and by 
the waters which sepaAite lands from each other. 

The Succession of mper4mposed Rocks, 

A sediment may be followed round a shore 
line, so that it has everywhere the same general 
character, except in so far as the rocks of the 
cliffs vary, which give vise to pebble beds in 
some localities and scarcely any sandy particles 
on the shore in others. As a rule, tidal work 
sorts and sifts the products which the<«e« carries 
down to its depths, sc^tlSat they are arran^d 
in bands which Ure parallel to the coast. The 
particles vary in size in those *i:ones of deposit. 
The finer particles remain suspended longest; 
and are therefore transported to the greatest 
distance by the moving water. Thus there is 
a horizontal succession of rocks on successive 
parts of the same ocean floor, which may be 
roughly classed as sands, clays *and limestones. 
Sands formed nearest to shore sometimes pass 
into grits and pebble-beds. And the limestones, 
like the sands, sometimes alternate with clays in 
vertical succession, where they pass horizontally 
into each other. ^Instances may occur where 
limestones extend ^continuously from the shore 
to the open ocean, without intervening deposits. 
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The horizontal sequence of water-formed rocks, 
observed at the present day, explains the meaning 
of the vertical succession of the layers of rock 
termed strata, which differ from each other in 
mineral character. By their superposition they 
build up most of the visible land, as well as of 
those parts which are hidden under the oceans. 
Their vertical successioji depends upon succes- 
sive changes in position t)f the area from which 
sediments are brought into the sea. 

If the land sinks down so that it becomes 
smaller, and its shores recede, each kind of 
sediment derived fronf it, being carried by the 
moving water the same distance as before its 
depression, is transpcirted for a less distance 
out to sea as compared with the deposit formed 
previously. Therefore the finer sediments on 
sinkiig«sea-bed rest upon the coarser sedi- 
irfSits, which had bcelt fSrm^ previously, when 
the source of s^ply was neater to the place 
of deposition, lli other words, clays rest upon 
sands; while the new sands rest upon areas 
which had previously been dry land. If this 
process of depression continues, then while the 
clays follow the new sands, and become super- 
imposed upon them, limestones are super-imposed 
upon clays. • 

:j Sandstones ocoasionally give evidence^ that 
/they were deposited between tide marlis, in 
preserving the footprints of animals, as well as 
in the^’ipple marks, sun-cracks and rain-prints 
which were formed when the surfaces dried 
between succ^sive tides. Such memorials are 
preserved in |he Trias Sandstone of Cheshire, 
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and the Hastings Sand. Clays occasionally, in 
the abundant reniains of terrestrial plants y hich 
they yield, give evidence of estuarine origin, 
which may not be strictly comparable to the 
succession of conditions seen upon a land which 
is being submerged. 

On the other hand some deposits are formed 
upon shores which ar<jL rising, and advance at 
the expense of the ^a, and then the deposits 
which result from waste of the land, succeed 
each other vertically in reverse order. In the 
sea which borders the coast of South America, 
the sand derived from ils cliffs may be carried 
out to a distance of from 20 to 150 miles from 
the shore. The mud foamed at the same time 
would bo carried much further. If then such 
a land were to be enlarged by slow upheaval, 
so that the shore extendtd over the««.«5a w^iich 
had previously rb^en t'he'^hallow sea, two sedi- 
ments which wbuld still bo formed would be 
carried as great a distance as ’they were carried 
previously, and the sand at its furthest limit < 
from the shore would gi*adiially extend beyond 
the limit of the sand beneath it, and would thus 
be super imposed in part at least upon clay. In 
like manner the mud sediment would be carried 
further than the mud had gorte previously, so 
that it would similarly rest upon limestone. 

Therefore, under the influence of continual 
depression, the geological deposits come to bo 
accumulated in the vertical order of sand, clay 
and limestone, in^ho same place. While under 
the influence of ^ntinued upheaval the vertical 
succession comes to be limestone, clay, sandstonei 
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There are constant oscillations of level of 
land which are evidenced by successions of sand 
and clay, or limestone and clay, which are local. 
And occasionally a sediment is derived simul- 
taneously from two different sources, as when 
ancient cliffs furnish sand, and an ancient river 
supplies mud which is deposited at the same 
time, over part of the sajio areii. 

The layers of Avatcr-fofmed rock which form 
every land, succeed each other vertically in some 
such order as sand, clay limestone, limestone, 
clay sand. Their order in Nature, as seen in 
the cliffs and on the* surface of the land, is 
evidence of great upward and downward move- 
ments both of the flo#r of the ocean and the 
dry land, which have been brought about by 
foldings of the rocks. 

UsuaU{y4hese rocks, the strata of sand clay and 
limestone, rest evenly^jJon Ihcji other, for the 
upward and downward movements are commonly 
so gradilal, that ■v^hile the rocks are distinguished 
from each other by mineral character, and the 
planes of bedding, Avhich change with depth of 
the sea-bed, there is no physical break in the 
succession of limestone on clay or clay on sand, 
and the beds in parallel planes of deposit, are 
said to be conformable to each other. This is 
particularly true of an area undergoing depres- 
sion. Yet as depression extends, and an area 
which had previously been dry land is submerged 
BO as be cohered with new deposits, worn 
from the higher land which is near to the now 
submerged area, such a new layer begins a new 
order of succession in that district, and rests 
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upon the edges of many older deposits which 
had been tilted up and worn level, so that their 
edges became exposed before the old land wils 
raised from the sea. Such a succession is said 
to be unconformahle. There is an unrepresented 
interval of time between such unconformable 
strata and the layers on which they rest; but 


^ Chalk 

( Bav- 

~ym , »r— -Bn \ 

iTia« 

^ cBoulder*^ 


•'’® Klmcrldge Cl!^ 


the unconformity is local, anii does not imply 
any real break m the succession of rocH lor 
the break is a consemience of the submergence 
of the denuded land, which had interrupted 
the even spread of sediments V the water, so 
long as It romaintjd above the sea. 

On the other hand, when land is undergoing 
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upheaval, and the shore deposits begin to be 
raised out of the water, it must happen that 
the newest formed deposits will be worn up 
and removed before they emerge from the sea. 
There is a break formed in this way in the 
horizontal sequence, though there is no break in 
the vertical sequence of strata. Traced by their 
mineral character to the circumstances in which 
they originate, the whol# succession of water- 
formed rocks Avhich is known demonstrates no 
more than three or four great oscillations in 
level of the earth’s surface, which have converted 
lands into seas, and seai) into lands. 

It is obvious that land is disturbed in level in 
some localities, while t^e level elsewhere is un- 
affected, so that the succession of rocks may vary 
in mineral character in the disturbed district, 
with no medication of ch||,nge in the succession else- 
wHSte, On this account, tfte history of every part 
of the earth needs to be told sejmrately from the 
other p^ts, for fbo little is yet known of the 
detailed events which took place in the successive 
periods of time, in the different portions of the 
globe, to piece the parts of the story together 
into a complete history of the earth. 


CIJAPTEE VII. 

ORIGIN OF STRATIGRAPHICAL GEOLOGY. 

Geology oririnated in observation of the earth’s 
surface, by imch records wereUnade of the order 
and arrangement in which different rocks occur 
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in England and Wales. This knowledge is 
expressed in two laws. The first is the law of 
stratification. It'afllrms that the rocks which are 
anywhere exposed on the surface of the country 
are usually portions of layers, which rest succes- 
sively upon each other. Therefore they lise 
from beneath each other, in the order of their 
relative antiquity, whenever they are inclined to 
the plane of the horizpA. Every such laj'er is 
a stratum. Strata differ from each other in 
relative antiquity, in their mineral materials, 
thickness, extension, and degree of disturbance 
from the original condition of their horizontal 
depositiun. The law of succession of the layers 
upon each other is named their superposition. 

The second law is that every stratum may be 
identified by means of the included remains of 
plants and animals, termjd fossils, \^ich lived 
when its rock matqfiaKvai, being accumulateiKn 
the part of the ckrth in which it is found. By 
these fossils the exposed edge ^*f every utratum 
may be traced as it extends through the comitry. 
Therefore the area occupied upon the surface of 
the country by each geological deposit may be 
drawn upon a map. A map made in this way, which 
defines the limits of strata, lava flows, crystal- 
line and other rocks which form the country, is 
a Geological map. It show how the strata in a 
country may be distinguished' and classified by 
the succession of groups of animals and plants 
which have followed each other ip occup;^'ng the 
same portion of the Eai-th’s surface. 

These laws w«fte discovered about 1790 by 
William Smith. He applied them in travelling 
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through country, so as to n;ake the first 
Geological Map of England and "Wales, Avhich 
was completed in 1815. In 1816 his collection 
of fossils, which distinguish and identify the 
several British Strata, was placed in the British 
Museum. It became the foundation of the 
National Geological Collection and the beginning 
of all Geological Museums. 

Other observers had rec^^ded the order of the 
strata in different localities, and in some cases had 
recorded the occurrence of fossils in a single stra- 
tum ; but without making the discovery that the 
strata may be identified Uy their orgiinic remains. 

Dr List«>r, in 1684, proposed to the Royal 
Society to make a map of^the soils in our country. 
This was the first proposal to make a Geological 
Map. In one of his writings Dr Lister gives a 
drawing of admail fossil, a Belcmnite, and states 
corntrfPly, fhat it is fouiij iA al^ the cliffs along 
the Yorkshire wolds, for a distance of more than 
100 milesi by SpecAon, Londesbro’ and Caistor, 
but always in a red ferruginous earth [now known 
as the Hunstanton Limestone]. 

Mr John Strachey in 1719 laid before the 
Royal Society evidence that the upturned and 
levelled edges of the Coal Strata in the Somerset- 
shire Coal Basin ware covered by nearly horizontal 
beds of the Red Marl, Lias, and Oolite. 

The Rev. John Holloway in 1723 described to 
the Royal Society the parallelism of the Chalk 
of the G^-Magog^and Chiltern Hills, the Sand 
Hills of Woburn, and the Clay country drained 
jby the Cam, Ouse, Nen, and Isis>J 

The Rev. John Mitchell in 1760 stated to the 
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Eoyal Society that “ we ought to meet” with the 
same kinds of earths, stones and minerals appear- 
ing at the surface in long narrow strips, and lying 
parallel to the greatest rise of any long ridges of 
mountains, and in fact we find them [thus ex- . 
posed].” The ridgo in England which influences 
the direction of the strata is said to run first ^ 
north to south, and then from north-east to south- 
west. Travelling between the Chalk hills of 
Cambridgeshire and the Coal of Nottingham and 
Yorkshire, he observed the succession of the 
strata; and in 1788, gave to Smeaton the Engineer, 
a table of these strata, e with their thicknesses. 
They are enumerated in vertical sequence as 
Chalk, Golt, Sand of Bejifordshire, Northampton 
lime and Portland lime' in several strata, Lyas, 
Sand of Newark, Red Clay of Tuxford, etc., 
Sherwood Forest pebbles and grave^ [fee white 
sand], Roche Ablaey toiBrotherton Iime^jn?oal 
Strata of YorRshire. This table was given to 
Henry Cavendish, who preser/ed it. » 

Mr John Whitehurst in 1778 gave an account ^ 
of the Geological structure of Derbyshire ; and 
remarks; the strata follow each other in a 
regular succei^sion, both as to thickness and 
qua ity, insomuch that by knowing the incumbent 
stratum, together with the arsangement thereof 
in any mrticular part of the earth, we come to a 
iwrfect Knowledge of all the inferior beds, so far 
as they have been previously discovered in the 
adjacent country. ,, ,, 

Smeaton in 1786 expressed his belief that the 
Lias extends friOn Watchet in Somersetshire to 
Barrow in Leicestershire, probably with few 
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breaks in continuity, and through the vale of 
,Belvoir into Nottinghamshire and Lincolnshire, 
beyond Grantham and Long Bennington. 

There is no reason to believe that William 
Smith had heard of any of these observations. 
He was born 23rd March 1769, at Churchhill in 
Oxfordshire, upon the Oolites. He became a 
land surveyor and engineer ; and at the age of 
twenty>one had found oiA for himself the succes- 
sion of such rocks as he had seen, and had begun 
to compare the appearances at one locality with 
those observed at a distance. His work was 
distinguished from thal of all predecessors by his 
meth(S of untiring persistence in observing facts 
of stratification; activity in comparing, extend- 
ing, and establishing the conclusions to which 
those observations led; and care in recording 
uj^ his ihap nothins*bu^ what he had seen and 
proved. This work caused liijn to be known 
throug^^ the country as Strata Smith ; recognised 
among geologists as the Father of Geology ; and 
honoured as a great original discoverer in science.. 


CHAPTEE VIII. 

FOSSILS. 

Geological and Zoological Aspects of Fossil Flanis 
^ and Anirmls, 

^larly days of geologv fossils were re- 
^ vith iu^r^t because ioxae species ^vere 
in thei| rtoge in time and only found 
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in certain rocks. Attention was given chiefly to 
extinct species which were most abundant in^ 
each of the geological deposits. A large amount’ 
of practical work, in mai)ping the distribution of 
the strata, was done with the aid. of very slight 
knowledge of a few species of animals. 

It became possible also to group the rocks 
together in a rough by limitation to the 
vertical range of a few dossils. The oldest rocks 
were defined as those containing Trilobites ; the 
middle group as those containing Ammonites; 
and the newest group as containing Nummulites. 
The geologist, having to ‘classify the rocks and 
identify them, was influenced in making divisions 
of the strata occur wherer;er a difference in life 
of any kind would permit the separation of 
strata, or groups of strata, from each other. 

A dim idea prevailed that the chaiagB inJife 
was in some waj* fonneettd with the succe^bh 
of geological periods of time. Hypotheses were 
put forward that the groups of strata correspond 
to about six successive epochs, during which the 
life gradually became higher in the details of its 
organization. This theory was not suggested by 
examination of the rocks and their contents, 
because divisions which separate strata in Europe 
are differently placed in America. • The hypothesis 
end^voured to forestall results at which science 
might arrive. The species of fossils found in each 
stratum were supposed to have been created in 
the period of time when they^vere fiwt met 
^th j and to have become extinct when they 
cii^peared with t8e succession of newer etmta. , 
.^aturahats found that existing life varies with ^ 
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elevation above the sea level, and that there is a 
/elation between distribution in height and in 
horizontal ares. While some of the plants found 
in our own country are identical with those of 
Germany, there are a few, living on high ground, 
which are Scandinavian types. In the south- 
west of Ireland there are a few Spanish and 
Portuguese types. Th^^Scandinavian life was 
accounted for on the hypothesis that, in a recent 
period of geological time, those plants spread 
over land which is now the North Sea, when the 
temperature was lower than it is now. When 
the German types of plants subseqticntly spread 
over England, the Scandinavian species, which 
could endure greater*cold, survived upon the 
hills; much as the Celtic population may have 
receded to the high ground before the invading 
S|^n ^pies. * • # 

Considerations of tBis kina ii/dicate two great 
laws, yirst, thattthe existing life which occupies 
the earth’s surface is grouped in scries of geo- 
graphical assemblages, each of which may bo 
termed a life province ; and secondly, that these 
provinces occupy changed areas of the earth’s 
surface, with alterations in the level of land. 

In the same way it was found that life in the 
sea varies with the depth of the water. Sea- 
shells which live ‘between tide-marks, and are 
adapted to exist more or less exposed in atmos- 
pheric air, are different in genera or species to 
those fll the (feeper water, where the great 
growths of set plants are foipid. Marine life 
a^in changes ^ts character with greater depth, 
fhe theUs'Whi^ would be indicative of A shore, 
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travel along the shore ; and the shells which are 
found in clays, are rarely met with in sand.. 
Marine life also varies geographically in the 
horizontal direction, because there are natural 
history provinces of life in the sea, which may 
also change their area, when the depth of water 
changes, so as to scatter or concentrate or com- 
bine the life. r 

About the year 1864^it began to be urged that 
the differences found in the fossil life between 
two successive geological deposits, were not due 
to great denudations of intervening strata, which 
had removed the intervening transitional organ- 
isms, making breaks in the geolodcal record, but 
were the results of geographical migrations of 
organisms, so that these animals and plants came 
into an area which they had not previously 
occupied, by moving aivat from one^wfcich^d 
formerly been t^ei? home.^ When fossilized, tne 
remains of such a group indicate a different 
assemblage of animals or plants to those which 
lived previously in the area, when the life in « 
the underlying stratum accumulated and was 
fossilized in the same way. 

Thus it is intelligible that the distribution of 
life in the strata has been brought about in the 
same way as the distribution of life is varied 
upon the earth's surface now! And instead of 
fossils in geological formations representing a 
multitude of successive creations, there appears 
to be but one creation. These l^pes of ^le Slir- 
yi ved from the earliest time by undergoing more or 
Jess a^ptation to altered conditions, as a h^ea* 

V citGumstance for th^r perpettmt^on 
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all the revolutions which the earth’s surface has 
undergone. 

‘ Thus it is known that the elephant, hippo- 

K tamus, lion, hyaena, rhinoceros, which are now 
ing in Africa, have been common animals in 
Europe and Britain since the time during which 
men have lived here ; that those animals have 
changed their habitation ; and that the area of 
the life province to whilh they belong is mani- 
festly altered. There are no animals more 
distinctive of Africa at the present day than the 
hippopotamus and ostrich, but in a recent tertiary 
period of geological time, these animals left their 
remains in rocks of Northern India, in association 
with extinct allies of 4he giraffe, a type which is 
now limited to Africa. And so another change in 
•the area occupied by a natural history province 
of life 4s«made knovn by remains of animals 
^f^erved in the rocks. * # , 
jUI down the sequence of the geological ages 
the stoty is of tlfe same kind. Wherever there 
is a change in the material of which rocks are 
formed there is a change in the distribution of 
life on the earth. The upheaval or depression 
which varies the distribution of the mineral 
matter and produces the succession of^ strata is 
also the cause ‘which varies the distribution of 
life. Therefore, the fossils found in any 
gwlogical formation are a portion of a natural 
history province, which has been preserved in 
the condUion ip» which it existed on the earth’s 
surface at that;particular epoch of time. 

, If we suppole land and sea lit the present day 
oecupi^ over their areas with natural 
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history provinces of life, in the manner in which 
th^y have been marked out by naturalists, such 
prov’nces are manifestly the survival of the life 
whi h has existed in the several periods of the 
geological record. They have reached their 
present positions in consequence of the geological 
circumstances of rock folding in the earth^s crust 
which have given the ejyth's surface its present 
form. This truth is the only explanation of the 
succession of life in the past ages of the earth^s his- 
tory. It is impossible to imagine any change in life 
between the oldest deposit known and the bed 
which succeeded it, unless the life was already 
different in an adjacent area of the ocean, so that 
a new natural history pr^ovince could be super- 
imposed upon that which had previously occupied 
the ground. 1 he fossils of the geological forma- 
tions are therefore the re(iords of the^i accession 
of the natural history •provinces of life%n 
the earth. Eacfi province has been formed by 
geological changes. They havS succeeded each 
other like the movements of chessmen upon the 
same square of the chess-board. In this process 
many of the old life provinces are broken up, 
and their constituent animals and plants scattered 
and intermixed with others, almost beyond re- 
cognition. Such survivals have not been 
accomplished, however, without the earth losing 
many of the kinds of life with which the geolo- 
gical story begins, and which cliaracterize its 
greater epochs. 

The Succession of Life, 

The oldest geological deposits in the Cambrian 
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period give no indication of a commencement 
of life on the earth. The assemblage of fossils, 
’ after eliminating the types which have become 
extinct, is comparable to such as might be found 
upon an existing sea-bed. The most ancient 
groups of fossils in the stratified rocks lend no 
support to the hypothesis that they are stages 
of a process by which ^.nimals came successively 
into existence, in the iJrder of their grades of 
organisation. There are already several groups 
of animals co-existing, associated with each other 
as they are upon an existing sea-bed. On many 
shores at the present day the variety in life is 
not greater than the geologist finds in a quarry 
or cliff after examining a few yards of rock. 

Each of the great divisions of the animal 
kingdom has representatives in very old rocks. 
iib limited, so far ^s is at present known, 
the newest deposits. Bift geological research 
has pjishcd further and further backward in 
time, the epoch in which each of the highest 
types — mammals, birds, reptiles, fishes — is first 
met with. 

Sometimes the earlier rocks are fancifully 
spoken of as the age of fishes; those of the 
middle period are named the age of reptiles ; 
and the lategfk, rocks are termed the age of 
mammals. . Of those groups of animals puts 
on a consi^^^lo diversity of organisation in 
the epochs wmbli it'if ^opposed to characterize ; 
and eafch includes sottO c^ftCt groups which are 
not met with at the presei^ .dfty ; or subsequent 
to the epoch which the grdftp characterizes. On 
the Other hand, mammals are not only not limited 
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to the tertiary strata, but have been recorded as 
extending to the^ Trias, the beginning of the 
secondary rocks. Indications of their existence' 
occur in connection with each of the old land 
surfaces which the strata make known in the 
south of England. Birds have been found on 
two different horizons in the secondary rocks. 
The presence in those secondary rocks of ani- 
mals so remarkable as fenthyosaurs, Plesiosaurs, 
Ornithosaurs, Dinosaurs, and Anomodonts, fully 
justifies the term, age of reptiles. The modern 
type of crocodiles, lizards, turtles, and snakes, 
which are the true reptiles of the present time, 
do not extend back to very early parts of the 
secondary epoch, so far asris known at present. 
Extinct groups of reptiles such as the Anomo- 
donts and Labyrintliodonts date back at least 
as far as the time in ^ which the#, J^ermian 
and Carboniferous toal^ waa; accumulated, 
great facts which' life presents to us when ex- 
amined by means of fossil remains, preserved in 
the succession of strata, are : first, that it has 
been always changing in the same locality, in 
the same way as a fauna or flora undergoes 
change at the present day. In the lifetime of 
individuals, plants and insects have disappeared 
from the fen district of Cambridgeshire under 
the influence of embanking and* draining, just as 
in historic times animals like the wolf, brown 
bear, beaver and roebuck, have disappeared 
from South Britain. In other pacts of the world ' 
the existing fauna has become poorer by the 
extinction of birdsf like the Dodo, and the Moa. 
This process of extinction has never 
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Its evidences remain in the extinct species which 
characterize every geological deposit. 

The process of extinction has extended to 
some larger groups, such as in natural history 
are termed Orders of Animals. Thus in the 
old slaty rocks termed Cambrian and Silurian 
the entire group of animals termed Graptolites 
is extinct. In the primary rocks there is an 
extinct group of corals,* 'termed Eugosa, which 
have the radiating shelly partitions termed septa, 
in multiples of four. There are small extinct 
groups of Echinoderms in the Silurian and car- 
boniferous rocks, allied to the sea urchins, named 
Cystoidea and Blastoidea. Among Crustacea 
there are the extinct^ groups Trilobites, com- 
prising more than fifty genera; and the Mero- 
stomata, comprising animals which are allied to 
the J^g^nabs and sco^ions. 

^l^er groups of animals, though not entirely 
extinct, are much better represerfted in the fossil 
state tffan in e^Ssting nature. Most of the 
genera of the groups of lamp -shells named 
Brachiopoda, are extinct, and found only in 
the Primary rocks; and the larger number of 
allies of the Nautilus are found in a fossil state, 
partly in the primary, and partly in the second- 
ary period of time. 

A number of the existing groups of animals 
date from very rer^ote, if not from the earliest 
known geological ages. The genera in which they 
are fir$fe€net with, irequeh% wopw to have per- 
sisted ever sinoe, without ^^7 appre- 

ciate change, |evond those xmW^^odificationa 
which distin^sh species. Although the fruits 
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of the Araucaria^ of various pines, and of Pan- 
danus, are found in the lower Secondary rocks, 
it is not until the latter part of the secondary 
period that any deposit yields enough fossil 
leaves to enable the vegetation of the earth to 
be compared as a group with living types. 
The common genera of ferns of the present day 
are well represented jn strata older than the 
chalk, by such tyjfes as Ptens, Asplenium^ 
Adianturriy Aspidium, and Gleicheniti. Palms 
are rojiresented by Nipa. There are numerous 
representations of the oak, wllow, beech, fig, 
laurel, ebon}^ magnolia. Nothing is known of 
the origin of this ancient cretaceous flora, but 
there is no ground for believing that it suddenly 
came into existence in widely separated parts 
of the M^orld, where it is first met with. 

In the oldest gi’oup ^f rocks cv%rj> cl^|S of 
animals is rcpres«itea Ijjr many genera wntch 
still live. ThuS the Foraminifera, which fill so 
large a place in the life of ftie open ocean at 
the present day, are represented in the Silurian 
period by the genera Dentalina, Lagena^ Nodo- 
saria, Textularia. 

The existing genera oi Echinoderms are not 
known from so early a period ; but in the be- 
ginning of the secondary time Gidaiis and many 
other genera are found, which labound at the pre- 
sent-day. 

Among shells the Brachiopods Lingula and 
Crania^ Piscina, lihynconella, ^Perebraiala and 
others survive from the older primary time. 

The common Wvalve shells, which havd f<iw 
representatives in the Primary rocks, include 



rossiLs. 


75 


• 

such familiar forms as Pecten, Pinna^ Cardiun, 
Area, Avicula. 

• The common Univalve shells begin with such 
forms as Patella^ Pleurotoniaria^ Chiton^ Natka, 
TrochuSy Dentaliumy which have never since been 
absent from the earth. The Nautihis dates from 
a very early peiiod. 

Thus, although the history of life has left 
behind enough extinct *Aitombed forms to en- 
able every deposit to be lecogniscd by their 
remains, the great lesson of fo=?sil remains is 
not so much extinction, as survival and per- 
sistence upon the earth of the life wliich has 
once existed. The natural inference would be 
that the variety in kinejs of life has been steadily 
diminishing from the earliest time, owing to the 
loss of the extinct groups of plants and animals. 
But wit^^q^ch group of newer strata, genera and 
fdffPfies of animals aremef wiih among the fossils, 
which were not known in the older sets of fossils. 
There ft perhaps^ no proof that they were pre- 
viously absent from the earth ; and it is possible 
that some of them may have come into existence 
as modifications of the types which were already 
in existence. 

The variatiqn which life undergoes us the 
coTidition of its existence. 

There is a principle which affects the history 
of life, which necessitates that new modifications 
of plant# and animals should constantly come into 
existence, under the varyiim cg^^tions which 
the earth’s surface assumes. The different organic 
types are saved from extinction by manifesting 
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80II16 degree of adaptation to altered circuin- 
stances. It is this property which eimbles the 
genus to survive from the earliest times. ^ It 
undergoes a series of changes by which slight 
diflferences of form or ornament are perpetuated 
for a time, eventually giving place to another 
similar series of modifications; and these char- 
acters distinguish the species of which the genus 
consists. Even persofts who are not trained to 
recognise the technical characters by which 
animals and plants are classified, are aware that 
there are different kinds of scallop shells, a^nd 
different kinds of cockles. The change in form 
and ornament can often be seen to originate as a 
consequence of the homg of the shells being a 
place where the water is still, or one where it is 
exceptionally disturbed, the ribs of shells being 
always stronger in rouglj water. presence 
of fresh water in an eStuary would appear UWlie 
a frequent cau^ of variation, not only in orna- 
ment, but in form. Such variations of thd'commoh 
periwinkle and purple shell are found in Crag-beds 
at Norwich, and seen in inlets on the coast at the 
present day. Many of these variations are such 
as might characterize diff'erent genera if they 
were persistent and became permanent characters, 
but they do not even constitute species, and are 
only regarded as local races (Jr® to local causes. 
If it were, possible that after a local race had 
come into eiidstence, another set of circumsfancos 
affected it so as to cause variation to t^e place 
in some new direction, it may be that what was 
previously but aorace character, would be per- 
petuated in'all the new modifications, aud bi^rajs 
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th^ distinctive attribute of a species, or even of a 
^nus. The capacity of an aniipal for variation 
IS usually in the development of something new, 
which did not previously exist; but the most 
remarkable evidences of variation are in the loss 
of parts which had existed in animals in a pre- 
vious period of time. The capacity for variation 
is strikingly seen in th(^ manner in which the 
antlers of a deer becomd* complicated year by 
year, by the development of new processes. In 
the present state of knowledge certain fossil deer 
appear to have had antlers which were Jess com- 
plicated; and in others the antlers were more 
complicated. It is on such characters that species 
of deer are distinguished. 

All the higher forms of life which are distin- 
^shed in classification, are records of loss. 
Th u% therc^ can be no* d^ubt that the common 
h-OTse is closely related* to the^ogpil horse named 
Sippariqny which l^d three toes on each foot, and 
the existing horse still preserves rudiments of the 
lateral toes which have been lost, in the splint 
bones, ^hich occur at the sides of each ' cannon 
bone. Attempts have been made to show that 
the three-toed horse had ancestors with five toes, 
so that by loss of the digits of the feet, which are 
cons^uences of “the ways in which the toes are 
' used, genera may come into existence. At present 
there IS very little in the way of faott^ial^ of which 
■ a history could be constructed* v-6cienoe can 
ca on, on a basis^^ unbroken 
fromffacts, which are t<^e scientific 
> whati capitel is to the mdirchaht. There is, 
fyer^ thi^ the nuMnii^als have lost 
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the composite structure of the lower jaw, which 
is found in reptijes ; and that reptiles have lo^t 
the greater part of the arch of bones which in 
fishes intervenes between the brain case and the 
lower jaw, if their structures are inherited from 
one group to the other. 


CHAPTER IX. 

- THE CLASSIFICATION OF WATER-FORMED ROCKS. 

In every country breaks exist in the continuity 
of the strata. Such interruptions in sequence 
are in progress at the present day by the up- 
heaval of land of existing islands, and continents, 
which intermits the deposition of marjine stota. 
Such breaks are evidencedr>by w'ant of conforinRy 
in the order of Succession of the deposits. This 
■ is one of the main grounds for dividing gWogteal 
deposits from each other. The breaks which exist 
in any one country are somew'hat limite^j in the 
area which they affect. They can never be world- 
wide divisions between strata. Strata are also 
divided according to their differences in predomi- 
nant mineral character. The changes which take 
place in the prevalent types of extinct life which 
they.seveti&i^eserve, give grounds for divisbn 
of depo8inH|tbat the cessation of an ancient 
of ii^^s, or the incoming of a new group, 
makeS’a division possible between the stra^- 
There is no necestary connection l^tween the 
break in st»tihcatio%4eriaed unconformity, ai^ 
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the break in life. Frequently there is a great 
change in fossils between two ^successive strata 
without an indication of unconformity. It is 
difficult to understand how the life can change 
appreciably without a change in the level of 
adjacent land, which causes the life of an adjacent 
area to migrate. An unconformity is not of 
necessity any greater evidence of an unrepresented 
interval of time than coAformity ; because the 
unconforniablo beds might always be traced to a 
district where they become conformable, so that 
there is no break in the geological record. 

The changes in life between conformable strata, 
are no more than the differences which zones of 
life assume with depth. ^ As a pebble bed changes 
to a sandstone, its life alters from the fauna of 
the littoral zone between tide marks, to the 
fauna of ^^t^e deeper kiminarian zone. As the 
s*<r*is succeeded by ^ clay Ae fauna alters to 
the life of the coralline zone. Therefore there is, 
from the*point of v!ew of the existing distribution * 
of plants and animals, a necessary change of life, 
with change in stratification, which has no im- 
portant connection with imperfections in the 
geological record. 

* The breaks in life and in stratification were 
stated by the late Sir Andrew Ramsay in the 
following series : Between the Lingula flags and 
tho ovonying Tremadoc slates a nearly 

complete break in genera and MHp and un- 
eonfomky is probable. Ther^^P^the 
condition between the Tremadoc sktes and t^e 
^vig rocks ; and between the‘Bala and Caradoe 
IbetoWi tbe lavper Lkndovery above. 
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There is a great break in species in all these 
examples, and probably unconformity as well, 
b t the unconformity is not seen. Between the 
Lower Llandovery and Upper Llandovery beds 
a break in life occurs, and marked unconformity j 
and between the Upper Llandovery beds and 
Wenlock beds, is similar evidence of a break in 
succession. The Old .Hed-sandstone however 
shows no sign of unconformity at the junction 
where it succeeds the Ludlow rocks at the top of 
the Silurian, and no break in life though both 
might be expected. Nor does any break occur 
between the upper limit of the fresh water old 
red sandstone and the marine carboniferous rocks 
in the Welsh country. The carboniferous rocks 
are usually conformable from top to bottom ; but 
there is sometimes an unconformable succession of 
Millstone grit upon njountain limest^ive, ij^the 
Forest of Dean. ^ There is^ great unconformity 
between the Carboniferous r(^cks and the Per- 
*mian. This makes a total of ten physic^ breaks 
which are evidenced during the primary portion 
of geological time. 

There is a complete stratigraphical break, or 
unconformity between the Trias and the Permian. 
Near Ormskirk the new Eed Marl rests uncom- 
formably on the new Eed Sandstone. There is 
no visible unconformity between the Ehaetic beds 
and the which rests upon them, but the 
change in/1^ indicates a great break in the 
uniformity of previous conditioiis. There is no 
complete unconformity between the Lias and the 
" ovenying Inferior Oolite. But the change 
life to tms deposit, and throng aU the 
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ing divisions of the Oolites, is such as may be 
associated with unconformity in adjacent areas. 
At the top of the Oolites there is an insensible 
passage from the marine Portland limestone to 
the rurbeck beds. But since the Purbeck 
deposits include terrestrial surfaces, and are 
largely of fresh-water origin, an unconformity 
must exist in the south rpf England in this part 
of the succession. The wealden beds may also 
be unconformable. But in the overlying creta- 
ceous series of deposits, the apparent unconfor- 
mity is an overlap on the older strata which gave 
increased geographical extension to the Hunstan- 
ton limestone and Chalk in the north, in 
Yorkshire ; and to the ^Greensand and Chalk in 
the south-west of England. 

There is no other physical break in this 
couui^y that betweevi the chalk and the 
fflftiary strata, which Is partly ))ridged in Bel- 
gium, aifjd perhaps^ entirely bridged over in North ^ 
America. The upheaval of a succession of land 
surfaces in the tertiary period is evidence of 
remarkable breaks in the sequence of deposits, 
and then a great ^ap, unrepresented by strata in 
England, occurs m the middle tertiary period. 
The manifest physical breaks in the area in 
which the British strata were deposited, are much 
fewer than the breaks in the succession of life, 
many of which are evidently due to Jhe way in 
Whicn life is distributed in succesfi^e zones in 
depth. Thereforfi there has been no uniform 
prmoiple in dis^ngiushing the strata from each 
(^her by their fossils; and more attention has 
hem paid to thd t^fferences in life, than to the 
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circumstances by which the differences were 
caused. 

In this country the principal changes in marine 
life occur (1) between the Silurian and Devonian 
rocks, though the changes in types of life appear 
to be unimportant. 

(2) Between the Primary and Secondary rocks 

there is a great change y:i both the marine and 
terrestrial life. ^ 

(3) Between the Oolites and Cretaceous rocks 
there is apparently an important change in the 
terrestrial life, though the change in the marine 
life is less marked. 

(4) The gap in the marine succession between 
the Secondary and Tertiary is very striking ; but 
the gap in the terrestrial plant life appears to 
be small. 

It is on evidence of ^ this kind that igeol^ical 
time is dividec^ iftto stages, ages, and epoc&J, 
which record a series of traih^itions and succfs- 
* sions, which the life of a limited part of tne globe 
has undergone. Sometimes the diffusion of world- 
wide species appears to have been as remarkable 
in the seas of old geological periods, as any 
geographical extension of living species which is 
known at the present day. 


CHAPTER X. 

THE ARCHEAN RoJkS. 

The most ancient rocks are termed ArcheaQ. 
They consist chiefly of crystalline schists^ and 
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other crystalline substances, such as quartzite, 
limestone, graphite. Formerly, they were gener- 
ally regarded as metamorphic. At the present 
day some writers do not believe that they are 
crystallized out of ancient strata, which were 
accumulated in water. Nevertheless they show 
in many localities, and especially in the Lauren- 
tian rocks of Canada, tw^ constituents which may 
indicate a stratified origiif. One is the presence 
of layers of crystalline limestone, which is not 
known to originate in nature, except by meta- 
morphism of limestone built up by organisms 
which lived in water. Secondly, these Laurentian 
rocks contain an amount of graphite, which has 
been stated to be eqiml in bulk, if it were all 
brought together, to the quantity of coal found in 
a corn-field. Fo source upon the earth for the 
carlign <|f«whii;h graphiyj consists is known, 
Sicept the metamorjJhism ¥l ■^egetable matter 
svrch as^orms co^ Existing coal-fields show, in 
the formation of anthracite, what appears to be* 
a transitional step between coal and gi’aphite, for 
the percentage of carbon augments as the other 
^eous constituents of coal are lost under the 
distilling action of pressure and heat. 

If the Archean limestones and graphite are of 
organic origin, they would appear to have been 
originally beds of ‘coal and limestone which con- 
sist mainly, if not entirely of fossils. Therefore, 
the other constituents of these rocks, the schists 
whieh form the f reat mass of the country north 
of the "St Lawrence, would appear once to have 
been sands and clays in which fossils may have 
been^jistribttted astheyarein more recentdeposits. 
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The estimated thickness of the Laurentian and 
overlying Hiironian rocks is about 60,000 feet,^ 
and in that thickness no fossil is found, unless* 
the structure named Eozoon canadense which has 
been described from Laurentian limestones is 
correctly identified as an encrusting reef-building 
foraminifer ; which its mode of occurrence in the 
rocks makes not improbaJ)le, though the structure 
is paralleled in volcanfb rocks. Such metamor- 
phism of ancient sediments all over the globe 
must be inferred to have obliterated all records 
of the earlv history of the earth. 

The geological story commences at a compara- 
tively late period, compared with the unrecorded 
epochs which have gone before. Without such 
an obliteration of a past record of almost infinite 
duration as compared with known geological 
time, it is inconceivably that processeK ^of ^na- 
tion, such as are^n(^’' kno\fn to be in operatiotT; 
^can have given rise to the divyse types of life, 
Vhich the oldest fossiliferous rocks make Known. 

The Archean rocks are widely spread on the 
surface of Scandinavia, Finland and North-West 
Russia, Saxony, and Bohemia, and in Bavaria as 
well as in the British Islands. Rocks of this 
class will probably be found all over the globe, 
wherever there is an opportunity of examining 
the material upon which the most ancient fossih- 
ferous rocks rest. 

In the Western Highlands in Scotland, from 
Cape Wrath southward, the scWsts ani funda* 
mental gneiss of that region are displaced by an 
incredible multitude of horizontal tnursts which 
break them up into parallel sheets, almost as 
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well marked as planes of stratification, with 
which they were at one time confused. Among 
these crystalline rocks are included great thick- 
nesses of sandstones, and folded in among them 
occasionally are fossiliferous bands of limestone. 

Other archsean areas are exposed further south- 
ward. The most interesting are the crystalline 
rocks about St David’s, in Pembrokeshire; at 
the Longmynd, in Shropshire; in the central 
axis in Carnarvonshire ; and in Anglesey. In 
these most ancient British rocks, evidences 
appear to exist of contemporaneous activity of 
terrestrial volcanos, so that among the oldest 
British rocks, alternating with schists, are the 
rhyolite lavas of !^ngor, Carnarvon, Llyn 
Padarn, associated in some of these localities 
with a^lomerates. The Wrekin and Ercal Hill 
make kj^tyvn rhyolites of pre-Cambrian age 
^i<jh are associated withlnjjurated volcanic ash. 
In the neighbourhood of St Da’(^d’s the rhyolitic 
lavas ire in trfe same way associated with* 
volcanic ash, interstratified in schists, the whole 
being affected by compression to which they 
have since been subjected. 

The British Geological Record begins with 
conditions which indicate . volcanic outbursts, 
and the shallow "water accumulation of grits and 
pebble beds. As far as the evidence goes, similar 
eonditions might exist at the present day ; but 
the rocks have been modified from their original 
state b}( slow chemical changes. 



CHAPTER XL 

CAMBRIAN AND ORDOVICIAN ROCKS. 


There is an nnconformity between the pre- 
Cambrian and Cambrian rocks, which implies a 
long interval of time, unrepresented by deposits 
in the localities which have been examined. 
The Cambrian rocks aw* of enormous thickness ; 
and in this country are probably not less than 
30,000 feet thick in Wales and the border 
counties of England. 

There is difference of opinion as to the use of 
the term Cambrian. Some writers make it 
include four groups of rqpks, named Longmynd 
rocks, Mcnevian beds, Lingula flags, and 
Tremadoc slates. Others carry the name higher 
and make it include the succeeding ropks named 
Arenig, Llanvirn, ^jovfer IJala and MiSidle^Bak 
and Upper Bala' which have also been grouped 
«as Ordovician. • * 


The overlying strata, termed May Hill rocks, 
the Denbighshire grits, Wenlock and Ludlow 
beds, and the Downton sandstone series, are 
combined to form the Silurian group. 

From the physical history of the deposits, 
there is ground for dividing the rocks in this 
way, but from consideration, of the life they 
contain, the whole might well be combined, and 
grouped together as ten successive series, with 
ten aistinct fauna, which more «r less ijesemblo 
the life of similar natural history provinces, 
superimposed on each other, and preserved suc- 
cessively in sediments in the same area. 

8S 
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At first tho old rocks which comprise the Long- 
mynd groups, and the Harlech and Llanberis 
•slates, which rise 1600 feet above the sea, in tho 
Longmynd Hills in Shropshire, consist of slates, 
sandstones, grits, and conglomerates ; with very 
few fossils. Tho water-worn pebbles in them 
prove deposition under ancient shore conditions ; 
and they are associated with beds which show 
the ripples of waves, ^itinnels of rills on the 
shore, intiirlacing cracks formed by the heat of 
the sun, prints of raindrops, and burrows of sea- 
worms closely allied to the living Arenicola. 
Few fossils have been found in the Lon^ynd. 
They are scarcely more numerous in the ^ngor 
country of Carnarvon^ire. There the rocks are 
represented by green and purple slates, which 
stretch from the banks of the Ogwen through 
the lake j^i IJanberis, and the Penrhyn slate 
In South ^^aibs^n the section near 
St David’s, the interest of tnese' rocks is greatest. 
The ccAiglomeraiJjs and sandstones found theref 
with red, purple, and green slates, appear to be 
on the same geological horizon as tho Bethesda 
and Llanberis slate quarries. Towards the 
base of this group of rocks are found two genera 
of fossils named Lingulella^ and Dhcina, which 
may be regarded as having survived through all 
subsequent ages qf geological time to the present 
day without undergoing any notable change, 
although the surviving shell is named Lingvla 
instead^of Lingtdella, The lowest beds in which 
they occur, the Caerfai group, are succeeded by 
the Solva ^onp, in whiem genera of the extinct 
order of Trilobites appear in profusion. 
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Here occurs the oldest known sponge named 
Protospongia, and a species is met with of the 
extinct genus of Tteropod named Theca^ which* 
survived in the ancient seas for a long time. 
This assemblage of life, the earliest as yet known 
in the earth’s history, consists of types which are 
in no sense embryonic. It distinctly points to 
a line of similar ancestors which has yet to be 
discovered. With the<*^accession of the over- 
lying Menevian beds, and the succeeding divisions 
of the Lingula flags and Tremadoc slates, a fauna 
of 185 species of fossils becomes known in which 
some of the shells, species of the genera of 
Brachiopoda named Lingula and Orthis^ and 

Sikowden 9 

Fia. 9.— Section through North 'VAiIes ^rpm the CamhrlMiClatMWr t^. . 

Snowdoi^dlslh'.'t to theVheshIre Trlar. 

QMella j)as8 up into the overlyfag Arcnig rocks. 
With the Menevian beds the piost ancient 
Echinoderm appears. It is a far-off relative of 
the existing stone-lines and sea-eggs. It belongs 
to the extinct group of Cystidea, and is named 
ProtocystUes. The most ancient bivalve shells 
known are found in the Tremadoc rocks of 
Wales. They can be closely paralleled at the 
present day. Modiohpsis is probably nothing 
but Modiola, the horse mussel under another 
name; and Glyptarca, Palxarca, ^a,nd CtepodorUa 
are only forms of the living genus Area, in which 
the shell has not developed the habit of growing 
in depth along its hinge, ps in most of its living 
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representatives. Pteropods are well represented : 
the univalve Gasteropods are represented by the 
extinct genus Bellerophon, which appears to be 
a symmetrical shell abundant in the primary 
rocks, probably allied to the living Fleurotomaria. 
The group of many-chambered shells named 
Cephalopoda is represented by allies of the 
NantiluSy one of them tha straight horn OiihoceraSy 
and another Cyrtoceras, tn^ curved horn. In the 
lower Tremadoc rocks the oldest known starfish 
is found, in a species of the genus Palcedsterim ; 
and the oldest, known Crinoid or Stone-lily, in a 
species of the genus Dendrocrinus, 

The great Arenig series rests conformably on 
the Tremadoc slates. It forms Cader Idris, the 
Festiniog Mountains, Aran and Arenig. It 
includes a great group of roofing slates worked 
in th^ qu^yries of Festinijpg, and an immense 
(fRntity of volcanic a^. ^ t()tal thickness of 
the ashes, agglome^tes and lavas seen in Cader 
Idris is between 5000 and 6000 feet. The 
throats of the ancient volcanos which contributed 
so largely to form the Arenig rocks in North 
Wales, were placed near Dolgelly, and Aran 
Mowddwy by the late Sir A, Eamsay. 

The Cambrian period was an epoch of 
vigorous volcanic* action. The products of the 
vmcanos are seen m the Skiddaw slates of the 
Lake district, where about 12,000 feet of volcanic 
ash and Andesite lavas, of Honister Crag and 
Seathwake, mark the beginning of volcanic action 
which continued through the accumulation of the 
Boitowdale Series of rocks* In North Wales 
Rhyolitic lavas continued to be ejected in the 
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Bala period which followed. They are seen 
about Bettws-y-coed and the Conway falls. 
Ehyolitic lavas are seen in the Glyders, on the 
north side of the Pass of Llanberis, near Bedd- 
Gelert, and about Snowdon. 

The most remarkable feature in the life of these 
upper Cambrian rocks, is the extraordinary 
abundance of the extinct group of Graptolites. 
They are found not orfly in South Wales and the 
Lake District, but in as great a diversity of forms 
and complexity of branching structure in North 
America. 

Trilobites increase in number of genera and 
species. The genus Pleurotornaria^ a Gasteropod 
only known at the present day from living species 
in the West Indies and verging on extinction, 
appears for the first time in the lower Arenig 
rocks at Llanvirn, nej^ Si Davids. Ir ^jhis Deriod 
another GastQr^ii(ff. ^Kiiomphalus, which continffeS 
to be important during the ^primary ;geriod, is 
* found for the first time. 

Several corals make their appearance in the 
Llandeilo rocks. They are the most ancient 
representatives of the group in Britain. Among 
them is the chain coral HalysikSy and a species of 
Favosites, both of which are important genera 
in the primary rocks. The Crlnoids increase in 
number. 

Several genera of Brachiopod shells appear, two 
of which, lihynchonella and Crania, afterwards be- 
come much more important Snd still*^ survive ; 
while the genus Leptsena, which now first appears, 
lives on till the lower part of the secondary epoch 
of time. The common genus Mytilus, the eoible 
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mussel, is first found with the close of the 
Cambrian period. Cephalopods become more 
numerous and varied, and Cystidians are repre- 
sented by a number of genera. The appearance 
and abundance of Graptolites, and the increase of 
Trilobites in number, of genera and species are 
the chief changes which occur in the life of the 
Cambrian period of time,^ ^ 

The Silurian. 

The Silurian rocks extend unconformably over 
the Cambrian Strata. Between the Longmynd 
and Wenlock Edge, they cover up the whole 
series of the Cambrian strata, resting upon their 
upturned and denuded# edges. But when they 
are traced into North Wales in Denbighshire, 
the evidence of Silurian unconformity is less 
marked. ^ ^ 

•ffh^ Silurian rocks ^p^c a jlg iqplude the May- 
hill sandstone, tlje Wenlock rocks and tne 
Ludlow tocks. The May Hill series, so named * 
from May Hill in Gloucestershire, consists chiefly 
of sandstones and conglomerates, yellowish and 
brown with oxide of iron, about 1000 feet thick, 
covered by the Wenlock group, which in the 
south is formed of shales and limestones, and in 
Denbighshire chiefly of sandstones known as the 
Denbigh grits, whi^ overlie the Tarannon shales. 
Above these rocks are the Ludlow beds, which 
also include shales parted by the Aymestry lime- 
stones. The Silurian group of rocks is capped by 
the Downton sandstone, which makes a transition 
in rock character to the lower beds of the old red 
sandstone. These Wenlock and Ludlow rocks 
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are the oldest British strata which include con- 
siderable beds gf limestone. The exposure of 
Wenlock limestone at the surface forms the hill 
range south-west from Coalbrookdale, known as 
Wenlock Edge. 

These beds indicate shallow-water conditions 
by the May Hill sandstone at their base. The 
shales, which are only hardened muds, were pre- 
sumably deposited ffirther from shore ; while 
the limestones, formed of corals, shells, and 
... .•*•.••••. *. . crinoids, were 

, oidL £an<jr$^otie beyond the 

reach of sedi- 

ment, but not 
necessarily 
formed in deep 
water, 

XJjP Wenlock 
limeston^ 

map op an Inlier. r cludes a large 

Fio 10.— Map showing a dome-shaped elevation number of 
of Silurian rocks exposed by denudation of 
the old red sandstone and carboniferous anu. 18 

rocks which once extended continuously the first in- 
over the whole area. t . • 

dication met 

with in geological time of a British coral reef, 
though many of the beds are largely composed 
of Encrinites, and some of Brachiopod shells, 
showing the same conditions as are afterwards re- 

f ieated in the Carboniferous limestone, which is 
ocally formed of many different organisms. 
There are twenty-five gene* and soventy-six 

alo: 


des of corals in the Wenlock rocks 
And twenty new genera of crinoids appear, the 
group being represented by sixty-^ight species in 
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the Wenlock limestone. This limestone is fre- 
quently thin-bedded, and alternates with shale, 
often green, as is well seen in the dome-shaped 
exposure in the Wren’s Nest, near Dudley, where 
it ii covered by coal measures without any inter- 
vening rocks. The thin beds of limestone both 
in the Wenlock and Ludlow beds, thin out, first 
becoming nodular and concretionary, and then 
disappearing altogether. ' 

In Wales and the adjacent parts of England 
the Wenlock rocks have been very little meta- 
morphosed, and are in this respect in marked 
contrast to the cleaved slates of the Cambrian 
period. Ihey have probably a wide distribution 
under the secondary stmt a, and were met with 
below the chalk and Gault at Ware, in a deep 
boring for water. The characteristic fossils are 
present. IJ^th the excoptiqu of the remarkable 
ciAlmi^, corals, and tjbcre is nothing 

very impressive in ^le character of the Silurian 
fauna. The remarkable Crustacea EurypteruSy * 
PterygotuSy and Ilemiaspis first appear in the 
Wenlock rocks. 

The oldest fishes in Britain are met with in the 
Ludlow rocks, represented by no fewer than ten 
species. Among these is the Buckler-headed 
Scaphaspis in the 'Lower Ludlow, while in the 
Upper Ludlow are found Cephahispis, afterwards 
known in the old red sandstone, together with 
Ptei'a^pis^ Atichenasmsj Orickus^ and other genera. 
The £ur jrpterida ^Ippears to have reached its 
maxintum ^velopment in the Upper Ludlow 
period., were probably more fiAes living 

then th|ln are yet known, since the Ludlow bone 
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bed, which is found all round the Woolhope area, 
at May Hill, and in many other localities, consists 
largely of the remains of fishes matted together, 
with fragments of the great Crustacea, some 
plants, and some shells. The Downton sand- 
stones and Ledbury shales especially abound 
with the remains of Eurypterus and Pterygotus. 
With the Ludlow be^s, trilobites become less 
important, and gener^ which occur in the upper- 
most Ludlow beds are also met with in the 
Devonian rocks. The Avide-spread crustacean 
type, Euri/pierm, is largely represented in Scot- 
land. All the compound graptolites vanish, and 
the gi'oup disappears with a few simple species 
in the lower Ludlow hmh. Ludlow rocks yield 
a considerable number of star-fisbes, partly from 
Westmoreland, partly from Ludlow. Orthoceras 
is known from a multitude of speciec^; an^ there 
are allied genera, ^ ^ 

The organisms known in |ho lower Palaeozoic 
rocks make up an enormous fauna, with multi- 
tudes of genera of sponges, corals, hydrozoa, 
crinoids, cystidians and star fishes, trilobites, 
phyllopods, eurypterida, and every group of 
mollusca, as well as many fishes. It is in this 
perM of time that the ‘‘sea-eggs,” with flexible 
and elastic enveloping shells* make their first 
appearance in British rocks,pin the genus Prtte- 
chinus. They are of spheroidal form, and com- 
posed of numerous plates in rows which overlap 
each other obliquely at the ed^'es. The group is 
always scantily represented in the geological 
deposits, but still survives in the deep oceans, 
where it U represented by the genus Calveria 
dredged in 445 fathoms of water. 



TRILOBITES ROCKS. 


95 


Trilohites. 

* Trilobites are a group of Crustacea, entirely 
extinct, which appear in the oldest stratified 
rocks, and survive till the close of the carbonifer- 
ous period. The group is characterised by having 
the body divided, first into a head shield, termed 
the cephalo-thorax, which may theoretically 
consist of five segments of the immature animal, 
blended into one plate. In this shield, in a 
suture between the central part called the 
glabella and the free checks, the eyes are placed, 
when the eyes have a recognisable development. 
Some trilobites appear to be blind, being without 
eyes. On the under mle of the head is the 
labrum, from which the long-jointed antennae 
extend forward in a genus named I'riarthms, 
The middjj^ part of the f^nimal, known as the 
s^onfen, consists of of separate over- 

lapping plates, like^those in the tail of a lobster, ^ 
which are capable of moving freely upon each 
other, and are sometimes arranged so that the 
animal can roll into a ball, like the living terres- 
trial crustacean Oniscus^ known as the woodlouse. 
The number of these joints in the abdomen, 
termed somites, varies from two in Agnoslus^ to 
about twenty in genera like ParadondeSy which is 
one of the oldest, and A^ilacopleura, which is a 
Silurian type. Thirdly, there is a tail-plate, 
known as the pygidium, which is sometimes 
marked with extCTnal ornament, corresiionding 
to that of the separate plates of the aMomen, 
and sometimes smooth. The eyes are compound, 
and the individual facets can be seen with a lens, 
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and although ■ generally ^ouped together and 
raised in a crescent, as in the genus Phacops^ 
appear sometimes to be scattered, so as to cover 
much of the lateral plates of the cephalothoray. 
as in the genus Trinucleus, The intestine is 
sometimes preserved. On the under side of the 
body numerous limbs were developed. 

On the head, besides .the antennae, there were 
appendages for mastica- 
tion, but only one of them 
is preserved. The jointed 
limbs on the trunk consist 
of two parts, one for loco- 
motion, and the other a 
gild; so that they appear 
to belong to the leaf-footed 
^ group of Crustacea termed 
) A Pbyllopods, n^il^withstand- 
their remarkable Wl- 
ternal ^^semblance to the 
king crabs, towards which 
they approximate. 

The limbs gradually 
diminish in size from front 
tbiarthrus. to back, where the hinder- 
Fio. 11.— A Triiobite showing most are minute and rudi- 

fe.t.nd.ntenna=. mentory.* 

The two londtudinal grooves make the three 
lobes of a Triiobite. 

The most ancient Trilobites include the sim- 
plest and some of the most co^lex They vary 
chiefly in the number of segments ; the form and 
size of the cephalothbrax, and the pygidium; in 
the elongation of the plearss of the abdomen ; i^ 
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the external ornament of the carapace, which 
sometimes takes the form of spines upon all parts 
of the body. As the Trilobite grows it is said 
to shed its shell like other Crustacea; and with 
. this growth there come to be additional plates 
added to the abdomen, so that there is a sense 
in which the ancient types, like ParadoxideSj may 
be regarded as the most complex. 

Among the Lower Cafiibrian genera are Para- 
doxideSy DikelocephaluSy Olemis, Comcoryphe. In 
the middle and Upper Cambrian or Ordovician 
rocks, the common genera include Ogygia, Asa- 
phus, Trinucleus, Lichas, Acidaspis. Phacops 
ranges through the Silurian and Devonian ; and 
Illaenus ranges from thfv Upper Cambrian to the 
Silurian, 

In the Silurian, Calymene, EnmnuniSj Phacops^ 
and are characteristic genera. 

•in She fievonian rcikfiu ^acoi^is, Homalmiotm 
and Bronteus are c(Knmoiiest. 

In the carboniferous, Phillipsia is the best- * 
known genus. 


CHAPTER XII. 

OLD RED SANDSTONE AND DEVONIAN PERIOD. 

A GREAT unconformity is inferred to divide the 
Silurian rocks below from the overlying strata. 
North of j^he Brist»t Channel there is no evidence 
of marine origin for the deposits which appear 
to have been accumulated in great lakes upon a 
laud snrfacoji South of the Bristol Channel, and 
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eastward through France and Germany, the 
rocks which follow upon the Silurian are en- 
tirely marine. They are remarkable for the 
circumstance that the lowest beds exposed give 
evidence of shallow-water conditions in con- 
glomerates and sandstones, seen in North Devoi* 
and West Somerset, in the beds known as the 
Foreland and Linton group. In South Devon 
the lowest beds are purple slaty rocks. The 
middle or Ilfracombe group, though mainly 
formed of slaty rocks, contains a little limestone. 
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Fxo. 12,— Section from west to east, showing; how the Silurian, O'd 
Red Sandstone, and Carboniferous rocks are folded between 
South Wales and Gloucestershire. 


The limestone becomes more abundant in South 
Devon at Plymouth and Torquay, often taking 
the form of great coral reefs and sometimes 
thinning off into the shales. » The uppermost 
Devonian known as the Piltm group in North 
Devon becomes sandstone. In Cornwall these 
rocks are represented by limestones and slates 
at Petherwyn. ^ ^ 

The striking feature of these rocks is the 
remarkable change which takes place in the 
marine life. The multitude of genera which 
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had survived more or less conspicuously from 
the Cambiian to the Silurian time becomes 
replaced by new sets of types which are sub- 
stantially the same as survive through the 
marine beds of the carboniferous period. Some 
layers are characterized by a few peculiar genera, 
such as the continental dej)osits in the Middle 
Devonian known from the Brachiopod Stringo- 
cephalus, as Stringocephaivs limestone ; and from 
the coral Calceola as Calceola slate, which give a 
distinctive character to the Devonian period. It 
is in the Devonian age that wo are particularly im- 
pressed with the abundance on the earth of types 
of life which enter largely into the existing fauna. 

Fkhes have hitherto been few in number, 
but some of those remarkable fishes Pierichkeijs 
which occurred at the top of the Ludlow beds, 
together with Cocmtem and the great scaled 
Ijj^ngwfimflft Holoptg^ins,* are found in the 
marine Devonian beds continent, as well 

as in tlie old red dlndstone of Scotland. • 

In this period commence several marine uni- 
valve shells such as Natica, Nenta, Trochm, 
Fermetus, which are so important in the sea-shore 
life of the present day. 

They are associated with two very interesting 
Cephalopods. Nautilus occurs accompanied by 
the remarkable Nautiloid shell named Clymenia, 
which has a fold fn each septum which divides 
one chamber from another, similar to the fold 
which is observed^n the septa of many tertiary 
species 8f Nautilus, which are similarly com- 
jrressed from side to side. Those compressed ter- 
tiary specifBS have the little tube named the 
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siphuncle which passes through the septa placed 
in a more inward position than is usual in 
Nautilus. This genus Clymenia has the siphuncle 
as far inward as it could be, so as to be in 
contact with the previously formed coil. The 
genus is therefore in marked contrast to another' 
remarkable fossil named Goniatites^ in which the 
septa are angularly folded several times, and the 
siphuncle is as far outward as it can be. Gonia- 
tites is the antecedent form of the great group 
of Cephalopod shells allied to Ammonites which 
is found in the Secondary strata. 

On turning landward to the lacustrine deposits 
of Old Red Sandstone age, the first of the great 
lakes in the British are\ on which the old red 
sand-stone was deposited, is that which extends 
from Coalbrookdale southward over Hereford and 
Monmouth, and westward into Pen^rokeshire. 
The sandstone ac cuiliul^ °d in it iS^'estlhia^ 
to be about St^OOTBStT^ick in Hereford and 
« Brecon ; and in Monmouth* it includes thick 
conglomerates, full of quartz pebbles, which may 
be compared with those which formed the 
Millstone Grit, in a later period of time. The 
lower part of this area of the Old Red Sandstone 
is termed the cornstoile group. 

As might be expected there is an overlap of 
these beds upon the Upper Cambrian, which is 
well seen near Caermartnen. 

Some of the marine fossils found in the De- 
vonian of North Devon are^lso met^^with in 
Pembrokeshire. Hence there is some ground for 
believing that the old red sand8tone> which U 
assumed to have been lacustrine, communicated 
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with the sea by an estuary. This may account 
for the occurrence of some fishps indifferently in 
'the marine and fresh-water beds, which are now 
separated approximately by the Bristol Channel. 

All the other old red sandstone deposits are 
^e^rded as formed in lakes, chiefly in the lower 
old red sandstone period. These supposed lakes 
have been named from the geographical regions 
which the rocks occupy.' First, Lake Cheviot 
includes the Cheviot Hills with considerable 
thicknesses of volcanic rock of the kind named 
Porphyrite or Andesite. Further north a great 
lake, termed Ijake Caledonia, appears to have 
extended southward from the Grampians over 
the Firth of Clyde into the North of Ireland. 
Third, the lake of Lome covered part of Argyle- 
shire from Loch Awe, and may have extended 
northwai^n the line of t|^e great glen. Further 
Ifbrthstillis the old s^dstone region beyond 
the Grampians, ^hich includes Caithness and 
Sutherland, the Orkneys and Shetlands. Th# 
lake is named Lake Orcadie. It is filled with 
conglomerates, red sandstone and grey flagstones, 
with occasional thin -bedded limestones, some- 
times bituminous in the upper part. 

In these beds there are many terrestrial plants, 
some coniferousi and some, such as Lepidodendron 
and Calamites, like those of the Coal, and similar 
to the i^ants found in the upper Devonian rocks 
of North Devon, jjtobably derived from the land 
to the Qorth. j^t^gotus, which had appear^ 
ja the i^arine Silurian beds, is well known in 
, the old Ired sandstone of Scotland, where_ it has 
t^h tei|aed by quarrymen “fossil seraphim.” 



102 


THE STORY OF THE EARTH. 


The fishes are of extreme interest. First, there 
is the remarkable 'Cxtinct group of buckler-head e4 
fishes represented by Plerichihys and Cephalaspis, 
Secondly, the more remarkable series of fringe- 
finned fishes termed Crossopterygidse, which aru 
represented at the present day by Poh/pterus of 
the river Nile. These fishes arc covered wdth 
bony armour, and include a great number of 
types such as Odeolepis, llolopti/chhcSy Dipterus, 

These fishes do not appear to be in any 
sense embryonic. They have great importance 
in the primary period. One of their living re- 
presentatives, the Ceratodus, has, in addition to the 
gills which are common to most fishes, a lung 
which is adapted to brefifthing air under terres- 
trial conditions, as though it were possible for 
some fishes to have developed terrestrial habits 
of life. ^ ^ ^ ^ ^ 

Another into^estiii^jgH^Jroumstance connectSa 
^th the old red sandstone «:s the occurrence 
in it, in the Irish locality of Kiltorkan, and near 
Caerleon in Monmouth, of a shell, which has not 
been distinguished from the common pond mussel, 
named An^onta. 

Beds of the same ago in Canada make known, 
among evidences of terrestrial life, large insects ; 
and remarkable forms of myriapods, in which 
there is only one pair of legs developed on each 
se^ent of the body. 

The accumulation of the cr^mous thicknesses 
of the old red sandstone deposits pre^pposes 
immense dimensions for a lake in whicn sediments 
three miles thick could be piled up, and a large 
area of denudation to furnisn it with sediments. 



CHAPTER XIII. 


CARBONIFEROUS. 

ffHE carboniferous period of time has been sd 
named because it is the principal geological epoch 
in Britain in which coal occurs. The rocks rest 
on the Old Red Sandsto'je, in Scotland, and on the 
Devonian in the west of England. They are un- 
conformable to the older rocks in some districts. 

The carboniferous period, like tho preceding 
epoch, gives evidence of conditions which are in 
part marine, and in part terrestrial. In the 
southern area, it is the marine condition which 
is chiefly developed fii the lower part of the 
formation. Whereas, in the northern area, terres- 
trial conditions are developed towards the base. 
^ t»ave#ffng southw&rd* from Scotland over 
!&itain the terrestriaP ’v-^omato hold a higher 
and higher position among the carboniferous 
strata. The formation is usually taken to in- 
clude four or live chief divisions, which, com- 
mencing at the base, are reckoned as Lower 
Limestone Shales, Carboniferous Limestone, 
Yoredale beds, Millstone grit and Coal Measures. 

The first poipjb of interest of this epoch, is in 
the circumstance that in Scotland, the Calciferous 
Sandstone, which’ attains a thickness of 3,600 
feet, lies at the base of the formation, so that 
the sandstone c^tfdttions of the carboniferous 
period, *subceed to the sandstone conditions of 
the old red sandstone. There are occasional 
beds of. limestone, and shales, like the Burdie- 

' lAO 
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house limestone in the upper part of the group. 
The fossils include land plants. There is evi- 
dence of considerable volcanic activity, especially 
in the tuffs and andesite lavas associated with 
the calciferous period, in the Garlton Hills, nortji 
of Haddington. In the shales are one or two 
coal seams ; and the shales themselves are some- 
times so bituminous as^^o be a valuable source of 
mineral oil. The terrestrial conditions, which 
commenced in this way in Scotland, appear never 
to have entirely ceased in any of the areas in 
which the coal is found. There is therefore no 
great break in Scotland in conformity of physical 
conditions with the older terrestrial and lacustrine 
conditions of the old red^sandstone period. As 
the Calciferous Sandstone is followed southward, 
it becomes represented, first by the Tuedian 
beds of Northumberlapd and Durhanvwhjf h are 
alternations of, san^fitp^^ shales and impif^l 
limestones. Ttere is no Old Ked Sandstone 
*beIow the Carboniferous rocks in the North of 
England, and from the Cheviot lake to Coab 
brookdale, the Old Red Sandstone is doubtfully 
represented. In the South Wales coal field, and 
the Bristol coal field, and the country of the 
Mendip Hills, the 400 or 500 feet of Lower 
Limestone Shale, with the bone bed at or about 
the base, consists chiefly of akernations of lime- 
stone and shale, more or less charged with fish 
remains. There is little tor.e^arate the marine 
life of this period from that oiihe Carboniferous 
Limestone. 

, The second division of the carboniferous rocks, 
known as the Carboniferous^ Limestone series, 
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commences in the Scotch coal fields with sand- 
stones, shales, fireclays, coal beds and a thin 
bedded limestone. The Scotch beds are grouped 
into the lower limestone series, the edge coal 
series, and the upper limestone series. The 
l^Biddle, or edge coal division, is about 600 feet 
thick; and includes among the sandstones and 
shales twenty-six seams of coal, now highly in- 
clined, which grew where they are found, and 
each is more than one foot thick. The coal 
beds are not entirely absent from the upper 
limestone series, so that the representative of the 
Carboniferous Limestone in Scotland is import- 
ant, as indicating terrestrial conditions which are 


IMXTON 



Fio. 13.— Section showing tie strata on the cast of the Pennine chain. 


not q^uite sharply marked ofl' from those of the 
Calciferous Sandstone below. 

Travelling southward a remarkable physical 
change takes place. The carboniferous limestone 
consists of numerous alternations of limestones 
with shales, which are w’ell exposed in the dales 
of Yorkshire, where they are cut through by the 
rivers draining eastward into the North Sea. 
Above the limeston^group, which is known as 
the Scar Jiimeston#f{^Iountain Limestone, there 
is a suj^rimposed series termed the Yoredale 
beas^ whieh are well represented in Northumber- 
land, iTolkshire and Lancashire, and are thickest 
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on the west side of the Pennine chain. These 
beds are partly sandstone, termed Yoredale grit ; 
but mainly shales, with impure limestone ; so 
that they form, essentially, an upper division of 
the Carboniferous Limestone in the North ^of 
England. In Derbyshire and Flint the carboni- 
ferous limestone attains an immense thickness. 
And then southward, iij the West of England and 
South Wales, it is reduced to 1000 or 2000 feet, 
with a capping of Upper Limestone Shale, which 
represents the Yoredale beds. 

Where the limestone is well developed, whether 
in the west of Yorkshire or Derbyshire or 
Bristol, its organic origin is usually evident. It 
is formed in some plifCes of the remains of 
Encrinites, in others of Corals, occasionally of 
Brachiopod shells, while there are a few localities, 
especially in the Bijistcd area, whAir" >% lime- 
stone is organk? in th^rfarfie sense as the Oolites 
are organic, consisting of rounded grains cemented 
together which appear to have originated in the 
growth of marine Algje allied to existing Nulli- 
pores. 

Fossils of the Carhoniferous Limestone. 

The Carboniferous Limestone being in part a 
coralline limestone, includes a large number of 
corals. Probably the commonest genera found in 
Europe are Ampleocfiis^ Cyathophyllum^ LUhostroHon^ 
and Zaphrentis. They ane^.^^pimerous in species 
and abundant in individu^s, and are all of 
extinct types. 

The Echinodermata are largely represented ; 
and probably in no deposit is there a greater 
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number of crinoids. The principal genera are 
j^ctinocrinus, Cyathocrinus and Platycrinus. 

The shells, however, are even more distinctive. 
The twg genera Producius and Sinrifna comprise 
^re than half the species of Brachiopods. 
Wtynchotiella is well represented in association 
with Terehratula. The latter two survive all 


suDsequent revolutions oj the earth. 
Among the other 


shells, the bivalves 
Pinna, Lima and 
Anomia, Avicula, 
Pecten are associ- 
ated with Modiola, 
Mytilus, Area, Soleii- 



apsis, Solomya, types 

which appear to '• 

survive toittie pre- . 

seflt day, more com- * ' - _ 


mon on our owi»„ ^ - 

, . ..Jig. 14. — ^Trodurtus, a brachlopod of the » 

COStStS tnaill Itl til6 carbonifcious limestone. 


carboniferous rocks. 


Such univalve or Gasteropod shells as Chiton, 
Littorina Natica, Patella Pleurotomaiia, Turii^ella 
and Turbo are surviving genera which are found 
in the Carboniferous Limestone. These are not 


always the genera richest in species. Aviculo- 
pecten, which is regarded as extinct, has more 
species than any other bivalve ; and Hmmphalus, 
also extinct, is one^<si*he best represented genera 
of ^steropods. 

Fishes abound, the cartilamnous fishes, or 
sharks, appear curiously to pardlel both in their 
hn defences and teeth, the sharks which are 
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subsequently found in the Secondary rocks. 
The ganoid fishes are also well represented. As 
a group they are unlike the types which lived in 
the old red sandstone time. 



Millstone Chit m/ 

This rock, mainly formed of quartz grains, is 
a shallow-water deposit, which often gives evidence 
of current bedding, and* sometimes divides along 
planes in which the mineral mica is abundantly 
deposited. There is perhaps no good ground for 
separating these rocks from the overiying coal 

measures; and the 
sandstones which 
they contain are not 
more important than 
those known as the 
. Pennantj^andstones, 

; ^ > i, in the coal ni^asurts 

the West of 

Fio 15.— PlenrotOTnarla,showInj? remains They re- 
ef the or igiimlcoluiir bands on the semblo the coal 

shell. Carboniferous limestone. i> .1 

measures of the 
south in the character of their sandstones and 
ironstones, and they yield, in various Ipcalities, 
some thin beds of coal. 

In Scotland this third division of the carboni- 
ferous group of rocks, is nam,ed the Moor Bock. 
Its onljr difference from the Millstone Grit, is in 
containing marine fossilsit^ But this condition 
urobabljr only indicates tlfat the lacustrine 
basins, m which much of the deposit may have 
been formed, were sometimes open to the sea. 
Southward in England, the Moor i-ock known 
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as the Millstone grit, consists chiefly of alter- 
nations of sandstone and shale. It is only 
50 feet thick in Liecestershiro’ but thickens in 
the west. In Northumberland it is 400 feet 
the Forest of Dean it is less than 500 
lipet. It is 1000 feet thick in the Somersetshire 
coal field. From this deposit a large part of the 
flagstones of Britain is obtained. It forms the 
wildest scenery of the 'Vi^estcrn side of the Pen- 
nine Chair. This is due to the succession of the 
four principal beds of grit which rest upon each 
other in successive terraces, with the thick kinder- 
scout grit at the bottom, and the three less 
important grits above, which are all divided from 
each other by shales an^ sandstones. There are 
many thin beds of coal in the Millstone Grit. 
None of them aie worth working, so that the 
coal minerknows the deposit in England as the 
BiyjewftMBck, below^whidh coal is not to be 
expected. The ex^tence of the'^Millstorie Grit 
indicates an upheaval of the Carboniferous Lime- • 
stone sea, by which the conditions of physical 
geography became similar in England to what 
they were in Scotland. Such an upheaval exposed 
the uplifted rocks to denudation, and probably 
furnished the material out of which the millstone 
grit sandstone was made. 

The thick deposits in the south of England are 
near to the areas in which the thick masses of old 
red sandstone are foi^. It is possible that such 
a cause hjs governed the thickness of the deposit, 
though in. the west of Pembrokeshire the Mill- 
stone Grit is only 300 feet thick; and it is 
difficult to see in areas now exposed any source 
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for the Kinderscout grits, except in such ancient 
rocks of Shropshire as form the Longmynd, and 
the Denbighshire grits of North Wales. Denij- 
dation of the original materials from which such 
ancient rocks as those were derived woc’^d h^,o 
made these sandstones. 

The Coal Measures. 

The rocks which yifld coal are a succession 
of sandstones, and shale, ironstones, fire clays and 
coal seams, which are repeated over ana over 
again. They thicken from Northumberland south- 
west to South Wales; chiefly owing to in- 
crease in quantity of the sand. In the north of 
England the thickness is 1500 feet ; in the south- 
west in Wales it is 1 1,00b feet. 

Fire clays are old soils of the carboniferous 
land in m Inch the roots of forest trees often stand 
vertical, as they grew^^ showing that^.:: ii^,al w^^ 
in most cases a#peaty growth, like Irish bogs, dhe 
cto the fall of forest trees, and the accumulation 
of vegetable matter where the forest trees had 
formerly grown. In South Wales scores of forest 
trees of the kinds named Sigillaruiy and Leji^ido- 
deudron may sometimes bo seen crushed flat like 
boards, piled one above another in the positions 
in which they fell, before they became matted 
and compressed into a solid mass. 

In some cases, the coal growth has been com- 
pared to the American swamps and cane breaks^ 
where the girdle of surrouflliii^ vegetation filters . 
the muddy waters, so that only cle&r water 
reaches the vegetable matter in the enclosure. 
There is no doubt that carboniferous land sur- 
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faces were constantly undergoing depression of 
level, like the Deltas of rivers such as the Po, and 
the Mississippi, in many of which a succession of 
land surfaces has been found one below another, 
accumulation of sediments which are 
"*s«ilar to the coal shales and sandstones arid 
resemble them, in the intercalation of vegetable 
growths between layers of mud. These depres- 
sions during the growth («f the coal often appear 
to have been partial and local. 

In the Dudley coal field the 10-yard seam is 
found, which is the thickest coal bed in England. 
When it is traced to the north, it subdivifles 
into nine seams of coal, each having its own bed 
of under clay, on whicl^ successive forests grew. 
At Essington the nine beds preserve the thickness 
of the one bed at Dudley, though they have 
become separated from each other, by wedge 
skjpedc'iSI^'df’s of sandsloii^Js and shales, which 
have an aggregate thicKness of 420 feet. 

The Dudley country is also interesting among ’ 
English coal-fields on account of the volcanic 
eruption, which appears to have taken place 
during the carboniferous period; for the basalt 
at EoVley Kegis, which was ejected through the 
coal, is in some places in the condition of cinder 
and ash ; and this appears to prove that it was 
ejected at or near the surface. Volcanic out- 
bursts are comparatively rare in the coal of 
England. In the Edinburgh coal-field the 
volcanic eruptionL*^"are the most impressive 
feature oi the deposit. The layers of volcanic 
ash, and vesicular lavas, such as may be seen in 
Edinburgh, at Calton Hill, prove the outbursts to 
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have been contemporaneous with the sediments. 
Regions of volcanic activity are commonly the 
scone of changes of level of land, such as the coal 
strata demonstrate. 

The layers of coal may be compareu'^“ “flie- 
growth of peat over the flat lands of Holland. 
The sea sometimes bursts in, as when the Zuyder 
Zee was formed, so that marine beds with marine 
shells, rest upon the Cerrestrial growth. Such 
catastrophes occurred in the Dudley coal-field, 
and more evidently in that of Coalbrook Dale. 
In the lower part of the coal measures is the 
layer of clay ironstone known as the Pennystone ; 
and in the upper part is the layer known as the 
Chance Pennystone; bo<ih of these are marine 
deposits with marine fossils, like the shells 
Goniaiites and Aviculopecten, which had not been 
seen since the Carboniferous Linm^stone was 
deposited. They were ftill existiiig H6t 
away ; but miglit have been tjiought extinct, but 
^ for these incursions of the sea. 

There is no means of judging whether the coal 
or the intervening sediments occupied the longer 
time in forming. The total thickness of the coal 
in all the seams added together, varies from about 
100 to 140 feet. 

The properties of coal probably vary with the 
nature of the juices of the living plants. Thus, 
when starch is burnt it gives a vesicular coke or 
cinder. When gum arabijys burned, it forms a 
hard dull coke like an imp&fectly coking coal. 
When cellulose is burnt, it forms a coke which 
does not cohere, like the substance known as 
mother of coal. Hence differences which coals 
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show ill burning may depend upon the original 
substance of the plants. 

* The first important variety of coal Anthracite, 
■.■rnhi^h contains the largest percentage of carbon, 
-is clean’ to touch, and burns with little smoke. 
iTi* some localities anthracite appears to result 
from the distilling action of the heat which is 
generated underground J3y the folding of the 
rocks in a coal-field. TKis separates the mineral 
oil from the coal, so that tlie petroleum escapes 
into porous rocks like water, and may rise to th6 
surface in springs. 

Other coals arc often termed bituminous, but 
no substance at all like bitumen exists in coal 
Such coal is insolublc‘^in any of the solvents 
which dissolve bitumen ; but it softens at a low 
temperature. Caking coals partly melt, and 
make a^j y^iact coke. > ^ 

*<Che non-caking cor4, like the^^^team coal oi 
South Wales, docs not change its form in burning, , 
The properties of the coals vary with the different 
beds, suggesting differences in the species of plants 
which formed them. 

The group of rocks termed Coal Measures is 
commonly divided into three parts. The lower 
coal measures, or Canister beds, are usually bar- 
ren, or only contiin thin coals, which are not 
often valuable. Secondly, the middle coal 
measures contain most of the thick workable 
beds of coal. Thew.^^respond to the Pennant 
group of JSouth Wales and the Bristol coal* fields. 
Thirdly, the upper coal measures yield a good 
deal of coal in the South of England and Wales, 
but mostly in thin beds. 

u 
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The coal was more widely spread in former 
geological ages than it is at the present time, 
though there is no reason to suppose that the 
vegetable growth ever extended con^muQjjsly- 
over the country. The several coal-fields are ■ 
basin-shaped depressions, which have been isolated 
from each other, sometimes by denudation. 
First there has been ^ the compression which 
elevated the Pennine 'chain and Wales. This 
divided the coal-fields into longitudinal series, 
stretching south on each side of the Pennine 
chain. Then the country was compressed in the 
opposite direction, forming folds which run from 
east to west. An upward thrust divides the 
coal-field of Northumberland and Durham from 
that of Yorkshire and Nottingham. Its effects 
are also seen in the separation of the Cumber- 
land field from the gouth Lancashi^;.xj^l-field. 
The folds wlj^ich isolate *^he South Wales 
^ Forest of Dean* coal-fields and the Somerset coal- 
fields lie further south. Afterwards denudation 
removed the summits of the anticlinal folds, 
and the coal-fields remained in basin-shaped 
depressions. 

Coal has been found by boring beneath newer 
. rocks at Burford in Oxfordshire ; and at Dover ; 
so that these east to west foldfe of the primary 
strata beneath the newer rocks, probably extend 
continuous with the coal of Belgium. 

Coal PioSfet ^ 

About half-a-dozen terrestrial plants which are 
^perfectly known, have been described from 
rocks older than the Devonian. The flora of the 
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Devonian period does not differ essentially from 
that of the Carboniferous, since l)oth contain the 
same genera of ferns, of giant reeds allied to the 
living Equisetum^ and of club>mosses of the size 
of forest trees, which differ from the Quill-wort 
ssixUt Lycopodiums, more in size than in structure. 

The Carboniferous period was an age of ever- 
green forest trees of types which did not survive 
the Permian period. N(f example is known of 
modern forest trees ; but we cannot infer that 
they did not exist. The abundance of Eucalyptus, 
and of the leafless Acacias in South Australia 
shows how largely a few genera may monopolize 
the ground ; and the circumstance that both the 
Australian and African* floras are evergreen at 
the present dav, proves that the absence of some 
types from a district of the Earth or deposit, is 
consistent with their exigence at the same period 
u ofifyme iiPaifother loca^ty. * 

Coniferous trees <jf the coal metfeures grew to 
a large size. In the forms of their fruits they 
resemble some of the yew tribe. The living 
Salisburia of China has fruits which are of nut- 
like form, and resemble the Coal Measure fruits 
known as I'rigonocarpon which are produced by 
the forest tree named Dadoxylon, Under the 
microscope the wood of this tree shows charac- 
teristic coniferous structure. The tree differs 
from all conifers of newer age in having a large 
central pith, formed "^y a succession of thin 
transverse^ layers. ’ tjasts of the pith cavity 
w^re long supposed to be separate plants, and 
nap(}$4 Ste^ergia. Coi'daites is another conifer 
of the ye^ type. And Araucarites has been 
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SO named from its resemblance to the living 
Araucaria. 

The club moss tribe, which at the present day 
rarely grows erect, and never reaches a height of 
more than a foot or two, is represented *by forest . . * 



Fig. 1 6.— Part of the trank of a SigUlaria fioni the coal near Hadderafleldi 
showing the thin outer carbonaceous layer with leaf-acara. 


trees, which grew to a heigjit of fifty to seventy 
feet. Like the conifers they^have bec^e known 
gradually, and each part of the tree received a 
distinct name, before the structure was known 
fully. In Sigillaria the trunk is vertically 



OARBONIFEKOUS. 


117 


grooved, with the leaf scars extending round it 
in a spiral pattern. In Lepidodfiidron each leaf 
scar is enclosed in a lozenge-shaped area, and 
since these areas are in contact, the spinil pattern 
is ignore marked than in Sigillana. The roots of 
tiiese trees bifurcate regularly at each sub- 
division, and the same structure is found in the 
branches which crown ^le trunk. The roots, 
formerly termed 
Stigmaria, \iavean. 
irregular pitted 
pattern of scars . 'T » , 

to which long 
rootlets were 
attached. 'I’he 
fruits 




are cones, 
like 


I 


developed 
clubs, at jfnds 
oi %he branches. 

These fruits were 
termed Lepido- 
strobus. The ex- 
isting Lycopodium 
resembles Lepido- 
dendron in spiral 
arrangement of 
the leaves, fruit- 
ing organs and 
spores. The in- 
ternal structure 
is essentisld^ the 

same. Leptdodendron has a central pith, 
rounded by woody tissue, which is formed of 
elongated, vessels. Outside of that is the 


Fig. 17. — Part of a frond of ilio fem TenI®* 
optcrls from the Indwe coal, Capo 
Cvlony. 


sur- 
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cambium layer of the bark, formed of large 
spherical cells, corresponding to the layer seen 
in the quill-worts; and external to this is £he 
bark, formed of small cells which are elongated. 

Some of the layers of coal which are ri^Jjest 
in hydrocarbons, such as the better bed-coal, 
are formed of spores of such plants. These 
spores are usually largo macrospores, such as are 
found in the lower part of the fruit of the living 
Selaginella; and the fossil Triplospmites. The 
fossil reeds of the coal, termed Calamites, are 
closely related to the living Equiseturriy although 
the plants grow to a comparatively large size. 
Externally the plant terminates downward in a 
cone. The trunk is divided transversely by 
nodes, and the internal cast of the internodes is 
fluted. At the nodes the stem gives off leaves 
in circles, and th(^e leaves sup{|»a4i^ leaflets 
arranged in^.whorls. ^he leaves are kilbwn 
as Asterophylites, with ne®dle-shaped leaflets; 
Amularia, with blade-shaped leaflets ; and 
Sphenophyllurriy with wider wedge-shaped leaflets. 
There are also several types of fruit, which closely 
resemble the fruit of Equisetum, except that some 
of the leaves do not bear sporangia, and thus form 
a protective covering to the others. The spores 
are of the same size in the living and fosnl types. 

The ferns of the coal known under such names 
as Alethopteris, NeuropteriSy Odontopteris, Spheru^ 
teris, closely resemble existing ferns, in so far as 
can be determined ; for the tnictifica'feion is not 
often preserved. Four of the eight existing 
families of ferns are known in the coal meastures. 
Tree ferns have been described. 



CAKBONIFEROUS. 


119 


Animals of the Coal Forests, 

, Terrestrial shells are not preserved in many 
geological deposits, and only two genera are 
known from the Coal Measures. They are 
. h^th small, and were found in a bod of 
underclay, in a layer about two inches thick, 
in Nova Scotia, probably swept down by the 
rain, as shells in a foresj often are at the present 
day. One of these shells is a thin variety of the 
common hedge shell of our own country, named 
Helix, The second appears to be identical with 
the existing genus Pupa^ which is commonly 
found about the roots of trees. They are the 
oldest terrestrial shells known. 

Associated with the* land shells are centipedes. 
The group of Myriapods to which they belong 
is distinguished hy having one pair of antennae, 
:^es always sftnpk, no distinct thorax, 

and no wings ; whilo^imbs are attached to nearly 
all the segments,* Like insects they have threg 
pairs of jaws. The respiration, as in insects, 
is carried on by tracheae, which open near the 
articulations of the legs, except in the living 
genus Peripatns, Myriapods live in the loose 
bark of trees, in cracks in the rock, and und^r 
stones. The oddest forms were found in the 
hollow trunks oi Sigillaria, They are Millipedes 
rather than centipedes. They are known in the 
carboniferous rocks of Canada. A Millipede 
found in the coal of Ayrshire, named Euphobetiaf 
is four^ijfiches long, nearly a quarter of an inch 
broad, formed of thirty-six body rings, each with 
two paiiM of legs. These myriapods are distin- 



guished by possessing branched spines which 
are hollow. The American genus XyloUm has 
been found at GMsgow and Huddersfield, in th^ 
coal. 

The spiders of the coal belong to a group 
known as the false scorpions, of which the ty^pe • 
is the living genus Phrynus, Eophrynus Prestmchi 
is a well-known, though rare fossil from the 
ironstone of Dudley, ft resembles spiders in 
having four pairs of legs, ♦and a pair of palpi 
is seen. On the under side of the body are 
the openings of six pairs of stomata from the 
tracheae, which are developed as in insects. True 
spiders arc found in the coal measures of 
Bohemia, Silesia, and of IJlinois. 

Another representative of this gi’oup of Arach- 
nida is the scorpion, which is represented by 
the genus Eoscorpius. Scorpions are first found 
in the Silurian rocksr Eoscorpius f()feiliidii 
coal of Illinois^ appears toVe closely allied to a 
diving Californian scorpion, of^the genus Buthus ) 
though the form found in the coal of this country 
agi’ees best with the genus Scorpio. 

Insects are well represented in the coal. 
Coleoptera are known from beetles named 
Curcxdioides and Troxites. Grasshoppers are 
found, as are cockroaches. Lithomaiitis represents 
the living leaf-insect Mantis, The white ant 
occurs; along with a butterfly. Carboniferous 
insects are chiefly known from the coal-fields of 
the continent. 

The fishes found in the coal measures include 
a number of sharks, known from their fin de- 
fences and teeth. 
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Labyrinthodont reptilia are referred to more 
than twenty genera. Many of these are from 
the Kilkenny coal-field, and Belgian coal-field. 
The remarkable genera, Anthracosawvs and 
Loxomma from the coal-field of Northumberland 
•at» among the largest of carboniferous genera. 
They are distinguished by having the teeth 
united to the jaw, without being in sockets. In 
some families the palates is covered with a large 
bone in the middle, named the para-sphenoid. 
The skull is sculptured as in crocodiles, and 
contains some bones which are not found in 
existing reptiles, especially behind the eye, where 
bone is absent in a crocodile. 


CHAPTER XIV. 

• • 

PERMIA^J AND TRIA3. 

The Deposits, which rest next in succession 
upon the Carboniferous series are termed Permian, 
because they appear to be identical with the 
strata found in the Russian government of Perm. 
They had been termed Poikilitic, or variegated 
rocks ; and sometimes the Pontefract rocks, from 
occurrence at that town in Yorkshire. 

Marine beds in the east of England represent 
them between Hartlepool and .Nottingham, but 
the Permian sandstones have sometimes been 
regarded as fresh-water and lacustrine deposits 
in the west and south-west of England. They 
appear to be unconformable to the underlying 
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strata in some localities. In other localities 
there is no clear separation between the lower 
Permian rocks and the Carboniferous. Such 
conditions appear in Lancashire and Cheshire, 
and are regarded as occurring in Russia, and 
in North America. • 

The lower sandstones in Cumberland yield 
the characteristic genera of Carboniferous plants. 
It is therefore intererting that near Envillc 
in Worcestershire, and in other localities, the 
Permian rocks contain angular boulders, which 
are polished, and scratched apparently by ice ; 
though the scratched stones may not be evidence 
that glacial conditions prevailed in that district 
in the Permian period. ^ 

The Permian rocks in this country comprise 
lower, middle and upper series. The upper and 
lower parts are sandstones and ccmglomerates, 
or sometimes breccia derived from xhe'6arbqpt 
ferous limestone. The miJjdle portion is a great 
* wedge of magnesian limestone, resting upon the 
marl slate, 600 feet thick in the east of England, 
and 10 or 20 feet in the west. The upper 
sandstones and clays with gypsum, like the lower 
beds, are thick in the west and thin in the east : 
but are only about one-fifth of the thickness 
of the lower sandstone. The. lower 3000 feet 
of variegated sandstone is identified with the 
German rothliegende. The marl slate is identi- 
fied with the kupferschiefer, and the zechstein 
with the magnesian limestone. The lower 
Bunter of Germany has been com|)ared' with the 
^^eous marls of the Eden basin in Cumber* 
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The magnesian limestone probably was origin- 
ally an ordinary limestone formed of calcite, and 
* the carbonate of magnesia was apparently infil- 
trated into it. There is no more singular deposit 
anywhere to be seen than the exposure of this 
’ Wck at Sunderland, where some of the beds now 
consist of radiating concretions of globular 
form and variable size, giving the rock an 
appearance of being %uilt of shot or cannon- 
balls. 

The Permian age was a time of considerable 
volcanic activity, and interstratified beds of 
volcanic ash and lava are well seen in the country 
about Exeter, and in Ayrshire, as well as in 
Germany. • 

In other parts of the world the Permian forma- 
tion attains a great development in thickness, and 
contains important be^Js of coal. The Gondwana 
'■#ocks‘'bf India, whjch aA probably comparable 
to the Permian jf Russia, very*closely resemble 
the Permian rocks of the Karoo in South Africft, 
Both contain coal, and the flora is probably 
Permian, but several of the genera of ferns do 
not occur in this country. 

Among the fossils in the marine beds between 
Hartlepool and Nottingham the foraminifera 
include several existing genera. Neither the 
corals nor crinoidsshow any remarkable variation 
from carboniferous types, and in a general sense 
this is tfue of the shells, though a large number 
of th^ genera which characterise the primry 
period sire absent. There are some characteristic 
ghaera |)f fishes like AmUfis, but the most 
Abundadfr fish type is Pakmism, 

■C'i • . 
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Fossil FteiMles of the Permian, 

The LabyrinthoiJont reptilia, distinguished by" 
having teeth blended with the jaw bones without 
being in sockets, are found in some British coal- 
fields, and are also known from Permian deposiffe. 
In Bohemia and in Saxony many small animah 
of. diverse forms occur; some long and suake- 
like, and others like land^salamanders. Some of 
these closely resemble fossils of the Kilkenny 
coal-field, as well as similar types from the coal- 
fields of Illinois, Ohio, and Nova Scotia, and are 
referred to the same genera. One of these 
Bohemian animals, named Bi^anchiosaurus, still 
preserves in the fossil sts'tc a skeleton to the 
bony arches which supported gills. This old 
reptile, like some of the ancient fishes associated 
with it, may have breathpd by gills^s well as 
lungs, like certain of the lining amphmiaT* Thir^’^ 
terrestrial life wakes a close Jink between the 
Permian and Carboniferous periods. 

The Permian rocks contain another extinct 
group of animals named Anomodontin, which 
comprises the groups named Theriodontia, Dicy- 
nodontia and Pareiasauria. They are animals 
with depressed bodies rarely lifted high above 
the ground by their limbs, witb relatively large 
heads, and types of dentition which are anomalous, 
because they closely resemble the teetl^ of 
different orders of mammals, while preserving 
tooth characters of reptiles and fishes, ^Nor is 
this resemblance to mammals limited to the 
teeth. It is seen in almost every part of the 
skeletion; and although there is. no actual 
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transition to mammals, isolated parts of the 
skeletons have been described p-s mammalian by 
^lifferent naturalists. 

The Anomodont group is most widely developed 
in the Permian rocks of South Africa. It is well 
i^resented in the Permian of Texas, and other 
parts of North America. It is recorded from the 
Gondwana rocks of India, and from the Permian 
rocks of Orenburg in Kifisia. Anomodont reptiles 
have also been found in the red sandstones of 
Elgin. Those rocks were formerly classed as 
Old Red Sandstone, and subsequently as Trias 
owing to the affinities of their fossil reptiles, but 
on such evidence they may l)e Permian. 

The Theriodont type generally possesses the 
three kinds of teeth which characterise mammals. 
The canine teeth are strongly developed. This 
is seen in Ae Russian genus Deiiterosaurus, and in 
Ve Semh African gejj^us Lfcosaurus, both of which 
have the teeth in J,he front of thn mouth larger 
than the sharp pointed representatives of thS 
grinder series placed at the sides. Deutsrosaunis 
finds its place between the Theriodonts and 
Pareiasaurus. Some of the South African 
Theriodonts have the molar or grinder teeth 
compressed and notched like those of dogs, 
seals, and other carnivorous mammals. There 
are also types which have tuberculate crowns to 
the grinders adapted for crushing food, during 
which process the crowns become ground down, 
as amoBg Insectivora and Rodents. 

There are in the genus Dicynodon only two teeth 
in the upper jaw, which correspond to the tusks 
of the walrus. 
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In Pareiasmnis the surface of the skull is covered 
with an arrangement of bones which appears to 
be identical with that seen in the Labyrinthodonts. 
Labyrinthodonts, were formerly grouped with 
the Amphibia, but may be closely related to the 
AUBmodonts. Pareiasaurus appear to be in many 
ways transitional between existing reptilia and 
mammalia; in so far as can be judged from the 
skeleton. It is with («isting marsupials and 
carnivora, and hoofed or ungulate mammals that 
the resemblances in the forms of the bones appear 
to be closest. 


The Trias. 

A glance at a geolo>jical map of England and 
Wales shows that the Trias, which extends to 
the south of the Pennine chain, between Not- 
tingham ar^ the North Staffordshire coal-field, 
%Qpt8 unconrormably upon tjhe denuded edges of 
the Permian and ^d5*boniferous» strata. Great 
changes had taken place in the earth’s surface* 
after the deposition of the Permian rocks, and a 
commencement was made in the definition and 
uplifting of the Pennine chain before the Trias 
was laid down against its southern termination. 

In England the Trias comprises two series of 
sandstones. Tha lower, named Bunter, consists 
of conglomerates and sands, which are usually 
white, but sometimes red. There are some 
evidences that its upper bods were denuded 
before Ae overlying alternations of marls and 
sandstones, named the Keuper beds, were de- 
posited.! These divisions are regarded as corre- 
spondini to the upper and lower divisions of 
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the Trias in Germany, between which the shell 
limestone, termed Muschelkalk, occurs, yielding 
numerous marine fossils, and many peculiar fossil 
reptiles. 

These beds attain a thickness in Lancashire 
and Cheshire of 5200 feet. The Keuper is tKere* 
twice as thick as the Bunter; but in Leicester 
and Warwickshire the aggregate thickness of 
both divisions of the Wrias is less than 1000 
feet; and of that the Bunter forms about one- 
tenth. 

There is a southern thickening of the Trias in 
Somersetshire and Devon, where the red rocks 
arc well exposed on the coast, and are about 
2500 feet thick. There fU'e few or no fossils in 
the Bunter. 

The rock-salt of Cheshire occurs chiefly in the 
Keuper marl in two principal beds, ^ at North 
wich, where each of tn^i principal lehticul^ 
masses of saltns about 100 tqgt thick. Gypsum 
Is also found in the marls, and is largely worked 
in Staffordshire, The occurrence of the salt may 
be attributed to the evaporation of an in'et of 
the sea ; so that the process was substantially the 
same as that now going on in the salt-pans on 
the shores of the Mediterranean, where salt is 
obtained artificially by evaporation of sea- water. 
There appear to have been many of these ancient 
salt-pans. The lower bed at North wich is about 
three-quarters of a mile in diameter. The salt 
has been preserved by the marl in whiph it is 
contained, which is impervious to water. The 
gypsum has probably been formed out of the 
carbonate of lime of calcareous organisms, by the 
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action upon them of sulphurous waters, such as 
result from the decomposition of iron pyrites, 
for Mr Charles Darwin describes gypsum as 
formed in this way in lakes on the surface of 
S^th America, 

In the neighbourhood of Storeton,^ between 
the Mersey and the Dee, an immense number of 
impressions of the feet of terrestrial animals are 
found, some of which ftre at present otherwise 
unknown. They may comprise the footprints of 
Dicynodonts, of Ehynchosaurian reptiles, and 
perhaps of Hyperodapedon, bones of which occur 
in Keuper beds in other parts of the country. 
The Keuper at Warwick yields evidences of the 
skull of species of ^Lahjrintliodon. And near 
Bristol, carnivorous saurians, termed PalmsauruSy 
with piercing and cutting teeth, are found, which 
are closelj^llied to the great saurians of the 
^^ias of "VV^tembergj named Zandodon, 

The Stormbergi> beds in South Africa ar^ 
probably of Triassic age, and contain saurians 
in some respects similar to those of Germany, 
such as Massospondylus and Enskelesav/ruSy and 
are found above the coal of Cape Colony. They 
all show some alliance with the Megalosaurus of 
a later age. 

The saurians df the Muschelkalk in Germany 
include PlacoduSy which has the palate coverea 
with large flat crushing teeth ; and Nothosa/urus^ 
which appear to be intermediate l^tween the 
Deuterewaurs of the underlying Permian rocks 
of Bussia, and the long-necked Plesiosaurs of the 
’ Oolitic senc^ above. 

In Europe at least the plants of the coal 
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period, with the exception of Catamites^ have 
aisapj^red in the Trias ; and various types of 
Gyeads come into existence, and do not differ 
appreciably from surviving forms in mode of 
growth and fruiting. ^ 

The Oldest Known Mammal 


The oldest known mammal is found in the 
upper part of the Trias^ or in the Rhestic beds. 
There are several species referred to the genus 
Microlestes. They are only known from isolated 
teeth and are referred to mammals because the 
roots of the teeth are divided. They occur in 
Wurtemberg, and at Frome, and Watchet in 
Somersetshire. The ^e'at milk tooth from 
Watchet is marked wiSi seven ribs, like those 
on the pre-molar tooth of the living kan^rbO- 
rat named Hypsiprymitm, The animal has there^ 
fore been Te^arded as av,tnarsupial mamm^. 
4iA.nimals with this type of tMh are found in 
subsequent periods of geological time. The 
lower jaw of a little mammal named PlagmMx 
found in the terrestrial Purbeck beds at 


dose of the Oolites, has similar teeth. TbfS 
type is rj^eated in the genus Neophgmdm^ 
found at Rheims in the lower tertiary bqds of 
the Paris basin. There is therefore rbasbn 


\believe tlmt very little change has takbn 


femes in tile 


of since its 

as ; atfd ^t it vas 


i Weiime ;^i]s 

One' ol these u Ihit. 
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Igi^W'een the C&irboiviferouB OoniaUtea which 
ht^ thfe septa angularly folded and the newer 
' J.mnmites which has the folds of the septa 
digitated on both the front and back mar^ns. 
Subsequently, in the Austrian Alps, especially 
at Hallstadt on the north, and St Oassian 
on the south, the Upper Trias abounds in 
shells which are a remarkable mixture of those 
which survive from t^e Primary period, such as 
(h'thoeeras, Ooniatites, Euomphalus, Murehisonia, 
with the shells which are found in the overlying 
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contrasi) to the Blue Lias above. The White 
Lias has occasionally been used as a substitute 
for lithographic slate, which it resembles in ’ 
appearance. Dragon-flies, Cockroaches, Grass- 
hoppers, and other insects are preserved in the 
White Lias. 

Fossils are plentiful in the underlying black 
shales, at the base of which is the Ehsetic bone 
bed, full of the remains "of fishes and reptiles. 
Beneath the black shale are the tea-green marls, 
which pass down through other marls into the 
Keuper beds. Species of the existing Australian 
fish Ceratodtts evidenced by teeth here occur ; as- 
sociated with extinct genera of sharks, such as 
Hybodus and Acrodus which characterise the 
Oolites. 

'J'he common sea-shells of Ehsetic age include a 
Cockle and a Pecten, such las might oij^^ur on our 
own shores at the present da^, associated with » 
species of Avicula, a horse-muaiel and an oyster. 
At least one large terrestrial Saurian with teeth 
like Megalosaurus occurs in Ehaetic beds ih 
Somerset. The Ichthyosaurs and Plesiosaurs, 
which are found for the first time in this stratum 
in this country, do not differ from those of the 
newer beds. 

Ehsetic strata occur in niost European 
countries in which the Tnas is developed; but 
are nowhere more grandly exhibited than in the 
Ehsetic Alps of Lombardy and Austria. 



CHAPTER XV. 


THE LIAS. 


3n the Jura range between France and Switzer- 
land, which furnishes the continental type for rocks 
like our Lias and Oolites, the Jurassic beds are 
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The Lias limestones have sometimes a tendency 
to be brown. The thickness of the Lower Lias 
varies between 600 ' feet at Lyme Regis and 800 ‘ 
feet on the Yorkshire coast. The common Lias 
Oyster is the Gryphaea incurva. Occasionally, 
in the country towards Frome the Lias almost 
thins away where it rests against the Carbon- 
iferous limestone, and it is probable that the 
different beds vary in thickness locally. The 
marine and terrestrial saurians are found chiefly 
in the lower beds of the Lower Lias, in the south, 
of England. They include both Ichthyosaurs 

and Plesio- 
saurs. Nearer 
the top of the 
Lower Lias 
“ ScelidosauniB^,& 

terr^trial ar- 
> moused saur- 

ian is found, 
which inmany 
ways resem- 
bles the Igua- 

Fio 20.--Gryplasja incurva ; Lias. nodou of a 

later period, and is the type of a family with 
Tertically serrated teeth named Scelidosauridae. 

The tossils which are most ahindant are a 
multitude of extinct species of Ammonites and 
Bdemnites, together with an oyster with an 
intolute mode of growth, known as the genus 
Oryphm incurva, the devil’s toe-nail of the Dagger 
f stomen. But with such exceptions the great 
multitude of the fossils belong to existing genera, 
j^i^ng which are the bivalves lAma, Pede^ 
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Pinna^ Pliola^ya, Astarte, Avicula, Modioki, 
Trigonuif Plicatula; and the Univalve shells 
. lAttorina and Plmrotomaria are abundant. Species 
of the genus Ammonites give names to sub- 
divisions or zones of the Lias. Some genera 
sd!bh as Ccirdinid and HippopodiuTn are only found 
in the Lias. 

There is perhaps no sharp separation to be 
drawn between the iower . and Middle Lias. 
'The two beds are conformable to each other, 
although the fossils distinguish them, and there 
is some difference in their mineral character. 
The Middle Lias comprises the marl stone, 
which forms an escarpment in the middle of 
England; and it alsp includes the ironstone 
senes, which is well developed in the Cleveiahd 
district of Yorkshire, and southward through 
Lincolnsh™ into Oxfordshire. The Middle 
^ Jjias is abflut 260 feet* thi^k on the south coast ; 
and 140 feet t|ji€k on the •Yorkshire coast. 
Near Cheltenham the lower part includes sodb 

S sand, and is about 150 feet thick. The 
rence from the Lower Lias in fossils is 
chiefly in the species of Avimmiites and Belem- 
nites. Some of its upper beds are known as 
tho Belemnite beds, from the abundance of 
this fossil. In -these beds many star fishes of 
the genua Ophiodenna are found, both on the 
Yorkshire coast, and near Charmouth. 

The Uwer Lias is usually very thin on the 
coast Dorsetshire, about 70 feet, including 
tho. assQpiated sands near Charmouth, But . it 
thiekensinorthward to 300 feet near Cheltenham, 
and 40^ feet further north in Bredon Billj 
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maintaining a thickness of 300 feet in Leicester- 
shire, but thinning in Lincolnshire and York- 
shire to 200 feet or less. On the Yorkshire * 
coast it is often known as alum shale, alum 
having formerly been obtained from the cliffs 
and manufactured from the shale. Near tfie 
base there are beds of jet, in which the rings of 
growth of the coniferous trees out of which it 
was formed, may occasiotially be observed. In 
the Upper Lias at Ilminster many Ichthyosaurs, 
Plesiosaurs, and crocodiles of the group Teleo- 
sauria are met with. A little higher up, in the 
zone of the Ammonites communis and Ammonites 

bifrons near 
Whitby, the 
same genera 
. occur, though 

■ they^are some- 

times^met witlfe^ 
^ in the under- 

lying zone of 
Ammonites ser- 

Fiq. 21.— Cardlnia Llstcri: Lias. pentinVSj which 

yields the jet. 

The Upper Lias of Gloucestershire and War- 
wickshire contains a considerable number of insect 
remains, probably derived from*' the forests in 
which the coniferous trees grew, which appear to 
have been allied to the living Araucaria. There 
are also the remains of Cycads, such as Zamia, 
and of a few ferns ; so that, although ther,^ is no 
such evidence of a land surface as in the Triassic 
period, the occurrence of insects in districts which, 
m the previous period of the Trias, yield the 
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remains of terrestrial animals, appears to show 
that the physical change which brought the Lias 
to an end, and caused the Midford sands to be 
superimposed upon it, was substantially a bring- 
ing back again in part, by means of upheaval, of 
the*tehallow water conditions which prevailed in 
the Trias period. 

The yellow sands, 200 feet in thickness at 
Bridport, which pass n#rthward into Somerset- 
shire and Gloucestershire, under the name of 
Midford sands, gradually thin away. But since 
they indicate the same conditions as afterwards 
reappear in the Northampton sands in the 
middle of England, they may be grouped with 
the Oolites rather thamwith the Lias. 


Cg«PTER XVI.. 

THE OOLITES. 

The Oolites are granular limestones of limited 
extent, contained between clays, which in this 
country range between Dorsetshire and the north 
coast of Yorkshise. They form three limestone 
terraces in the south of England, each of which 
rests on a clay, and hence have sometimes been 
named Lower, Middle, and Upper. It is more 
convenient to adopt two divisions. The Lower 
Oolites include every bed above the Lias to the 
Cornbrash. The Upper Oolites extend from the 
Oxford Clay to the Portland Oolite. 
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England. In the Cotswold Hills it is about 260 
feet thick, mainly limestone. At its base is the 
pea grit, with concretions about the size of peas. 
Above it are the Oolite limestones with texture 
like the hard roe of fish, known to builders as 
freestone, termed Roe-stone, which alternate with 
marl. A little sand remains when the limestone 
is dissolved. The rock thins away to the east 
beyond Woodstock. Its fossils include Terebratula 
firnbna, Pholodomya Jidicula^ Ostrea Marshi% Clypmis 
plotii. 

In Northamptonshire the beds are replaced, 
first, at the base by a thin bedded, shelly lime- 
stone used for roofing, known as Collyweston 
Slate. It is sometimes feet thick. The great 
mass of the Inferior Oolite is represented oy a 
limestone known as Lincolnshire limestone^ which 
thins away to the north and ^^outh. It is 
200 feet thick at Its maximum, ^hd form%, Sn 
escarpment • terrace in ^^rthamptonshire and 
Lincolnshire. 

In Yorkshire this period of time is represented 
by the middle estuarine beds with bands of coal 
and plants, seen in Gristhorpe Bay ; above which 
is the marine Scarborough limestone, with the 
Inferior Oolite fossil Ammonites Humphrey- 
sianus. 

The Fuller’s Earth in the south of England 
caps the Inferior Oolite, and divides it from the 
great Oolite. It is a series of clays, marl, and 
earthy limestone known as Fuller’s IJg-rth rock. 
The stratum, sometimes blue, sometimes yellow 
of Fuller’s Earth of commerce is only a few feet 
thick. The Fuller’s Earth in Dorsetshire is 
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estimated at 400 feet in thickness. In the 
Midland counties the Upper Estuarine beds 
represent it with 30 feet of sands, clays and 
limestones. On the Scarborough coast their 
thickness is 200 feet, and, besides remains of 
terrestrial plants, they contain the fresh water 
pond shell Anodonta, 

The Great Oolite is more local than the Inferior 
Oolite, At Minchinhamjfton it includes shelly 
beds. At Bath it is a freestone 50 feet thick, 
sometimes with oolitic texture, sometimes marly, 
It is seldom oolitic to the north of the Cotswold 
Hills. 

To the north-east, the Bath oolite is repre- 
sented by the StonesfieM slate, a concretionary 
thin -bedded limestone, formed in part by the 
destruction of older beds of oolitic rock. It 
indicates ne^ proximity to land. Its fossils 
are* the fronds of ferns, foliage and fruits of 
cycads, branches oft/xoniferous ti'fees. There 
are beetles, dragon-flies, butterflies, and other 
insects. Lower jaws of four kinds of mammals 
have been found, named Amphitherium, Amphi- 
lestes, Phascdlotherium and Stereognathus, which, on 
the evidence of their teeth, appear to be allied to 
Marsupials, though a thigh bone resembles that 
of the Austrahafl duck bill Oinithorhynchus. 
Hying saurians are named Bhamphocephalus. 
Long snouted types of crocodile occur, and 
remains of the great terrestrial carnivorous 
Megalosaj^rus, which appeared first in the In- 
ferior Oolite. All these fossils are in a bed 
full of mi^ine shells. 

About Bath and in Dorsetshire the Great 
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Oolite is succeeded by a brown clay crowded 
ivith. the Apiocrinus^ or pear encrinite, which iias 
a cylindrical stem. This clay, named Bra^ord 
day, separates the Great Oolite from the thitt- 
bedded Forest marble above it. That ^?ihelly 
limestone at Enslow Bridge near Oxford, at 
Chipping Norton, and^ other localities yields the 
remains of Oetiosaurus, which is the largest terres- 
trial fossil reptile foutfd in this country. 

In Northamptonshire and Lincolnshire there 
is a clay above the Great Oolite limestone, in 
the position of the Forest marble and Bradford 
clay, called the Blisworth day. 

All these irregularities in mineral character 
of the Lower Omites afe' they are traced through 
England may result from the sinuotis ccmtotili^ 
of bays and promontories of the shores at the 
time of their depositure, which did’StfOt correspogd 
with the line along which Uie several deposits d^e 
to the siu-face'of the counity at the present day. 

Comhrash is the name given to a shelly lime- 
stone which closes the Lower Oolitic period. 
It is rarely more than 10 to 16 feet thick. 
Many of its fossils are like those of the Inferior 
Oolite. The most characteristic species b the 
Arfkuia echinata. It is the first deposit since 
the Lias which extends coUtitiUOfisly thl^gh 
Eagland, and is seen between Scarborei:^ ^i^d 
Weymouth. It is evidence of a change in ^e 
the sea-bed^ which makes a break €be 
sficcession of the Strata. ^ 

^ tipper Oolites, 

i|%exe is no TmA in the cnd^ 
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of the Oolitic rocks above the Cornbrash, which 
would divide them into Middle and Upper Oolites. 
The differences in mineral character between the 
several beds are such as may be attributed to 
ch^ges in level of the old land from which 
the sediments were derived, which removed the 
source of the deposited material from time to 
time, to greater distances. 

The first effect of sue® an upheaval is seen in 
the Kelloway Rock, which forms concretionary 
sandy beds, and yellow sands and limestones 
80 feet thick on the Yorkshire coast. It is said 
to occur in Bedfordshire. It is named from 
occurrence at Kelloway Bridge in Wiltshire. 
This distribution may® be connected with prox- 
imity to the Mendip ridge in the latter case, and 
connected with the Pennine chain in the former. 
^The condi^ns which •produced the Stonefield 
probiibly produced tlie Wiltshire Kelloway 
rock ; and the condlfions of the sand beds in th^ 
'Yorkshire Lower Oolites are approximated to by 
the Yorkshire Kelloway rock. This deposit is 
more important in France. 

- The Oxford clay is manifestly the consequence 
of, a depression which prevented the coarse sandy 
ae^^ent from reaching so far out from its source 
the previoxft age. This clay, which is 170 
thick in Yorkshire, and 600 feet thick in 
h therefore superimposed upon the 
K^jlloway rock. Near its base, abbut Peter- 
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Teleosaurian crocodiles, Ophthalmosaurus, which 
is an Ichthvosaui: with three bones in the fore- 
arm instead of two. The big headed Pliosaurits 
is commcBi ; Muraenosaurus is a long-necked 
pliosiosaurian with single headed ribs to the 
neck, and two bones in the forearm. TChe 
common shells in the Oxford clay are the oyster 
Oryphcea dilatatay Belemnites hastatus. Ammonites 
Duncaniy and Ammonites coi'datus. The Ampthill 
Clay and Oxford Oolite rest upon the Oxford clay. 
The Ampthill clay is seen between Ampthill in 
Bedfordshire and Acklam Wold in Yorkshire. 

The Coralline Oolite interlaces with the clay 
in Bedfordshire by a number of thin beds of blue 






Fia. 28.— Belemnites Owenl, an internal shell ot a kiod of cuttle- 
fish. The “ Onerd ” is broken to*V'iow the conical phragma- 
cone which penetrates into it. Oxfdid Clay. 


earthy limestone. Traced southward by Shotover, 
it forms two divisions ; and at Weymouth there 
is the sandy lower calcareous grit well defined, 
and an upper grit or sand which passes up to 
the Kimeridge clay. In Yorkshire this Oolite 
extends through the Ho wardiano Hills hy Malton, 
through the Vale of Pickering to Iiley. At 
Upware, on the river Cam, a small reef full of 
corals appears to result from the Carboniferous 
limestone having furnished calcareous matter to 
the neighbouring sea. The reptiles of this age, 
Omosaurus and PliosatmiSy are like those of ^e 
Oxford clay^ but a great Megalosaurian^ naip^ 
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Streptospondylus^ has also been found at Wey- 
mouth and Malton in Yorkshirp. 

The Kimeridge Clay . — The reef of limestone at 
Upware appears to be a dividing point for the 
Kimeridge clay, which comes next in vertical 
succession. In Cambridgeshire it is about 40 
feet thick, but thickens south-west to Dorsetshire 
to more than 600 feet thick, and its northern 
thickening to Yorkshr)re is almost as great. 
This clay contains inflammable beds known as 
Kimeridge coal, which divide into thin sheets 
like paper, and are full of marine fossils. In 
Dorsetshire the clay is used as fuel, and has been 
used in making paraffin candles, and to produce 
gas for illumination of>the neighbouring villages. 


H«<3uiin^tarrv 


ShotcwerHilL 



Fia. 24.— Section showing the succession of strata east of Oxford. • 


These clays are full of beds of concretions of 
earthy limestone, named soptaria, which are each 
2 or 3 feet in diameter. 

The oldest known representative of the 
Iguanodon is found in this clay at Cumnor. 
And between Ely in Cambridgeshire and Swindon 
many fossil reptiles are found, such as Teleo- 
saiu*ian crocodiles, peculiar turtles and Ichthyo- 
saurs. Colyrnhosaurus is a long necked Plesiosaur 
with single heads to the neck ribs, distinguished 
by the massiveness of its arm bones, and by 
having three bones in the forearm instead bf 
two. Omosaums is a largo land saurian found 

K 
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at Swindon. The common shells of the clay 
include Ostrea deltpidea, Exogyra virgula, Lingula 
ovalis and Ammonites hiplex, * 

The Solenhofen slate of Bavaria makes known 
numerous insects and other forms of terrestrial 
life of this period, including the oldest kno^n 
bird. 

The Oldest Known Bird. 

f 

A bird is known by its feathers ; though there 
is no reason why the covering to the skin should 
not be as variable in this group of animals as 
among reptiles or mammals. It is therefore 
remarkable that the oldest known bird named 
Archmopteryx has feathers<as well developed as 
in the existing representatives of the class and 
similarly arranged. It is found in the litho- 
graphic slate of Solenhofm in Bavaife, which is 
of about the ago of the Kimeridge cTay, in th% 
ypper part of* the Oolites. ^Tho animal is an 
elegent slender bird which is chiefly remarkable 
for showing teeth in the jaws. About twelve, 
short and conical, occur on each side in the 
upper jaw. The skull is about two inches long, 
shaped like the skull in many existing birds, wim 
a circle of sclerotic bones defending the eye. 

The neck and back are each *about 2f inches 
long, and there is a slender rat-like tail, of more 
than twenty elongated vertebrae, which is 6i 
inches long. The fore limbs are as well d^vel- 
op^ as the hind limbs. But they differ from 
existing birds in the bones of the metacarpus not 
bein^ blended together, and in the three digits 
terminating in sharp claws. The number of the 
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phalanges in the three fingers is 2, 3, 4, They 
are thus similar to the digits of “the hind limb, and 



Fio, t5.--*Ske1cton of the oldest-KDOwn bird, Arckmpteryx tnaerura^ 
t^oniog Impressions of the feathers on the wings, legs, and tail. 
fVom th# lithographlo stone cf Solenhofcn (after Dames). 


are apparently capable of being applied to the 
^una ]|ke thedore limbs of aqu^ru^, although 
uib greal development of the feathers attached to 
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the arm bones demonstrates that the wings were 
constructed on the same plan as in existing 
birds. 

The femur or thigh bone is about two inches 
long; the drum stick is more than two inches 
and a half. And the slender metatarsus is abflut 
an inch and a quarter long. The three points of 



Fig. 26.— Skull of the oldest-known bird with teeth, Archso* 
pteryx macrnra (aft^r W. Dames). A. orbit of the eye. 

B. pre-orbital vacuity. C. nostril. Scl. circle of bony plates 
round the eye. h. tongue bones, mi. lower Jaw. m and 
im. Jaw bones, l, tcar-bone. n. nose-bone. (After Dames.) 

difference from existing birds are, the elongated 
tail bearing feathers on each vertebra, the teeth, 
and the claws on the three digits of the hand. 


Close of the Oolitic period. 

A great change in life took place between the 
Kimeridge clay and the Portland Oolite which 



THK OOLITES. 


149 


rests upon it. And although the granular Oolitic 
texture, which the Portland limestone shows in 
. the south of England, has caused it to be associ- 
ated with the older Coralline Oolite, and Lower 
Oolites, it yet marks the beginning of a great 
uprising of the sea-bed, which extended eastward 
from the Mendip Hills during the succeeding 
periods of time. Many of its fossils may justify 
its position in the Oolitic series, but the physical 
conditions of upheaval, and representation by 
limestone and sand, appear also to link it with the 
great terrestrial epoch of Purbeck and Wealden 
beds, which form a portion of the Neocomian 
period of time. 

The Portland strata are almost limited in a 
recognisable form to the south of England, though 
the horizon is defined by fossils in the clay beds 
at the t^ of the Kimeridge clay in Filey Bay. 

thin ^*ndy layer with characteristic Portland 
fossils caps the Iviftieridge claj* through Lincoln- 
shire, Norfolk, and Cambridgeshire. It is rfot 
always possible to draw a line between this 
feeble representative of the Portland sand and 
the overlying sand termed Neocomian, so that the 
Portland sand appears like the beginning of the 
shore conditions, which lasted in the area of 
South Britain till the close of the Lower Green- 
sand. 

On the Yorkshire coast there is no break 
whatever in mineral character from the Kimer- 
idge. ^lay to the Hunstanton Red Limestone at 
the bw of the chalk. 

Among the fossils of the Portland beds several 
species of Pema, Astarte, etc., are found which 
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resemble fossils of the Kimeridge clay, but there 
are also species of Cyprim, Peden, Centhium, etc,, 
which resemble Neocomian forms. Ludm port- 
landica is one of the characteristic bivalve fossils. 


CHAPTER XVII. 

Neocomun. 

The Neocomian period of geological time is 
completely represented in this country in the 
Speeton clay, which is about 300 feet thick, and 
seen to the north of Flamborough Head. The 
basement bed of this deposit is the Coprolite bed 
which divides it from the Kimeridge clay on 
which the Speeton clay rests. That bejl is a layer 
of nodules of phosphate of Kme, which a^>parently 
were formed aboRt fossils, lil^ similar beds of*^ 
phosphate of lime in newer deceits in Bedford- 
shire and Suffolk. This layer of phosphates 
marks a change in the life ; so that the shells 
which characterise the Kimeridge clay below, do 
not pass above it. It was formerly supposed to 
occur at the top of the Portland beds, but the 
Ammonites regarded as Portland^m occur above 
this junction bed. 

-There is therefore some CTOund for regarding 
V the Speeton clay above wie Coprolite bed; as 
; ^representing in unbroken marine sMuence.the 
'V ] Illogical ages which in the south of Mglahd are 
|M3y lacustrine, partly terrestrial, and parity 
! ipninef and known as- the PorUa^ better tl^ 
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Purbeck, and the Wealden beds, and the Lower 
Greensand. 

, The lowest division of the Speeton clay is 
known as the zone of Belemnites lateralis, I'he 
Lucim Pmilandica is found in the Coprolite bed, 
and a variety of the Exogyra sinuata appears 
somewhat higher up. The next division is the 
zone of Belemnites jaculuniy which ranges through 
about 120 feet of clay i|^ which there is a large 
number of characteristic Ammonites, with species 
of Terebratula and Rhynchonella. The third 
zone is that of the Belemnites semi-canaliculaivs. 
In this zone in the Ammonites Deshayesii found in 
the Lower Greensand of the south of England. 
The uppermost zone qjt the Speeton clay is that 
of Belemnites minimus. This fossil which in the 
south of England abounds in the Gault, here 
occurs in association with Inoceramus concerUricus, 
J^noc&ramnf sulcatus anfl Nucula pectinata, which 
are also common g^lt species. .The clays, which 
are mostly dark blue, and blue black, become reft 
at the top, so that there appears to be a transi- 
tion from the red clay to the argillaceous red 
limestone, known as the Hunstanton Limestone, 
or red chalk of early writers. 

. The top beds of the Speeton clay may therefore 
be ne^er than the Neocomian of which the upper 
limit is the Lower Greensand of the south^ of 
England* The other beds give a threefold divi- 
sion. So that the Portland and Purbeck limestones 
of Swindon correspond to the Belemnites lateralis 
beds, ♦hich are represented by the Upper Volga 
of ^Russia. The middle beds, apparently, 
would t^prespond to the Wealden period of the 
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south of England, Belgium, and Hanover, while 
the zone of Belemnites semi-canaliculatus corre- 
sponds to the Lower Greensand. 

While these beds were being laid down in a 
region which underwent but little change of 
level, so that an uninterrupted deposit of (Say 
was accumulated, the land was upheaved, further 
south, into those shallow water conditions, of 
which the Portland bef*s are evidence, which 
pass without an appreciable break into the 
lacustrine and terrestrial Purbeck series. There 
is nothing to show that the terrestrial surface 
was more or less than an enlargement of the 
land which in previous ages of secondary time 
had supplied the insects, raammals, plants and 
terrestrial reptiles which are found in various 
beds of the Upper and Lower Oolites, and which, 
by its varying elevation, had effected the distribu- 
tion and nature of the sediments, all fHrough thg ^ 
lower secondary ^period. \ 

The limestone beds appear to have owed their 
existence largely to the influence of the Carboni- 
ferous limestone, for many evidences are found 
that it was repeatedly denuded, while the 
sandstones and clays were supplied partly by 
sediments derived from denudations of older 
slatey and schistose rocks. The*> existence of the 
Purbeck beds, which in Dorsetshire are alterna- 
tions of thin-bedded white limestone, with bands 
of dark-coloured clay, shows that the streams of 
fresh water coming from off the land into the 
lake, charged the fresh water with carbpjate of 
lime, just as- they had previously charged the 
sea; while the uplifting of the earth’s surface 
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above the sea-level, was so gradual that there is 
no break between the marine and fresh water 
beds. Near the base of the l^urbeck beds in 
Dorsetshire an old land surface is found, known 
to the quarrymen as the Dirt Bed. It is well 
seerrtn the cliffs of Lulworth Cove in the Isle of 
Purbeck, and in the Isle of Portland. Here coni- 
ferous trees, sometimes a foot or two in diameter, 
lie prostrate, but the rci)ts and lower j^arts of 
the trunk remain erect as they grew. Some of 
the coniferous trees show nearly 200 rings of 
annual growth and a length of sixty feet. 
Among them are the short stems of Cycads, 
which resemble the living Cycas revoluta. 

The Lower Purbeck 4 ilso contains a multitude 
of insect remains, on several different horizons. 
They are chiefly in cream-coloured marl, and 
include the nving cases and bodies of beetles, 
'diagon-fliesfand other insects. 

A terrestrial surfs^e at the base of the Middle 
Purbeck is evidenced by many jaws, and a few* 
other remains of small mammals. They appear 
to be little insectivorous marsupials, such as 
TrimiodoPf Spakmtherium, and the type like the 
kangaroo-rat, which is named Plagiaulax, 

The Middle Purbeck includes some marine 
layers with cockle shells, oysters and pectens, 
with occasional ripple-marked sandstone. The 
marine beds alternate with the fresh-water beds, 
in which the common shells which live in existing 
ponds, Paludvia, Planorbis^ Physa, etc., appear 
for the'l^rst time. 

The Upper Purbeck beds are interesting, first, 
for yielding the grey Paludina marble, anciently 
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used for decorative carving and monuments in 
the interior of churches ; and, secondly, for the 
number of its fresh-water tortoises, named Pleuvo- 
stenum, which differ from their living allies in 
having an extra pair of bones, stret^ing over 
the middle of the breast-plate, known aS the 
plastron. 

In Swauage Bay the overlying Wealden beds 
differ from the PurbecVt beds in being sands and 
clays. In the boring near Battle in Sussex^ 
the Purbeck beds, formerly known as the Ash- 
burnham beds, contain some important layers of 
gypsum, but no other calcareous deposits; and 
are like the Wealden beds in mineral character. 

The Wealden strata exhibit two types. In 
Dorsetshire and in the Isle of Wight they com- 
prise alternations of numerous beds of grit, sand 
and clay, frequently of the most ubrilTiant red 
colour. A few marine Shells, specie^ of Pect^* 
occur in the. lower Weald(\ beds of the Isle of 
‘ Purbeck. In the Isle of Wight they have yielded 
multitudes of vegetable remains, among which 
are pine cones, and especially the fossil forest of 
Brook, where however, the great forest trees 
appear to be drifted and water-logged. In these 
Iwas have been found the remains of - many 
extraordinary terrestrial reptiles. The Omi^ 
chei/rus type of Fterodactvl appears, which has the 
earlier joints of the backbone blended together, 
as in the frigate bird. There is a terrestrial 
saurian namra Polacanihus, which had the. lower 

S rt of the body covered with a complg^ shield 
:e that of an armadillo. Associated with it is 
the Belgitm Igaam^on, the great CetioaetKien 
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named OmUihopsis, and the genera named JTjjwite- 
phodvn, Sphenos'pondyluSi Vedimmts, etc. 

Further to the north, in the typical Wealden 
country of Kent, Surrey, and Sussex, these bed% 
instead of being multitudinous and irregular, 
become separated into great divisions of tolerably 
uniform ndneral character. The ^shdown Sand 
is in the main a hard yellotv sandstone. The 
Wadhurst Clay above it, i| a number of alterna- 
tions of shale and hardened sand frequently 
ferruginous, with plant remains. The Tun- 
bridge Wells Sand is about 150 feet of sandstone 
more or less divided by thin beds of clay, which 
may thicken locally. Above these beds, which 
are named Hastings S|nd, comes the Weald 
Clay, which is 900 feet thick in the south-east 
of Kent, and 400 feet thick in the west of Surrey. 
It is full of .bands of fresh-water limestone, 
famed of frnh-water shells, especially Paludina. 

ui various localitij? in Sussex, j)articularly 
near Hastings, the footprints of Igmnodon have 
been found, and both there and at Cuckfield 
a multitude of bones occur. They include 
small species of Plesiosaur of the genus Cirnduh 
imrtu and an Ichthyosaur possibly estuarine, 
t^ether viith a group of terrestnal saurians, 
entirely different frpin those of the Isle of Wight. 
These remains include Pdorominis, the Igwt- 


' MankUi, Suchosaurm ma Megcmsaurm, 
M well 'es: fresh-water tortoises. Many plants 
idoet ^th on this , horizon, including some 
Sphenopteris, with the fronds well 
numerous Cyoads. Fresh-:water 
iito^e the existing Unio. The terres- 
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trial fauna is very imperfectly known in com- 
jMirison with that buried in the deep valleys 
near Mons in Belgium, frotn which entire 
skeletons of Iguanodon and other reptiles have 
been obtained. Along the northern outcrop of 
the Neocomian strata, by Farringdon, Potton 
and Upware, numerous remains have occurred of 
Iguanodon, Megalosaurm, and other terrestrial 
saurians like those of /he Weald, and with them 
are remains of Cycads, Pandanus and Pines. 
On this outcrop the Neocomian Sand rests 
successively on the Kimeridge Clay, Ampthill 
Clay, and Oxford Clay as at Sandy and Wobimn 
in Bedfordshire, showing that an unconformity 
separates the Neocomiai?. strata from the Oolites 
in the middle of England. 

The Lower Greensand is a marine bed which 
extends over the fresh-water series, of the Weald. 
But beyond the Wealden area tLe sands ^fe 
termed Neocomian ; beejiuse, although tney 
' exhibit a threefold division, it is difficult always 
to prove that these parts correspond to the 
Portland and Purbeck, Weald, and Lower 
Greensand respectively. In the Isle of Wight, 
the Lower Greensand consists of a large number 
of alternating beds of sand and clay, more than 
900 feet thick. More than eighty distinct layers 
have been grouped into sixteen beds. So' that 
the conditions of deposition of the Weald seem 
to have continued through the succeeding e^h 
of time ; and occasionidl^ the remains of au 
Iguanodon became floated into the Lo]^' Greeti- 
sand from land diminished by depression of ite' 
level There is the same correspondence of 
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the Lower Greensand to the Wealden beds in 
stratigraphical succession in the typical Wealden 
area of Sussex. The Lower Greensand is divided, 
in the section between Hythe. and Folkestone, 
into thd Atherfield Clay at the base, which is 
somefimes a marine clay resting on the Weald 
Clay, and sometimes loose sharp sfed. Secondly, 
the Hythe beds (or Kentish rag) are alterna- 
tions of thin bedded linfestone and sand with 
beds of chert. Thirdly, the Sandgate beds are 
sandy clays not very coherent, often green, 
like the underlying beds. And fourthly, the 
Folkestone beds, are usually yellowish, uncon- 
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Fia. 27.— Section from FolkesttSne 1 1 Hythe, showlnff above the fresh- 
vrater Weald Clay, the divisions of the marine Lower Greensand, 
named Atherfield beds, Hythe beds, Sandgate beds, Folkestone beds. 

solidated, and appear to correspond to the fer- 
ru^nous sands of Shanklin in the Isle of Wight. 
Full er*s earth occurs at many horizons in the 
Sandgate beds. The Hj the beds occasionally 
contain beds of chert, derived from the growth 
and breaking up of siliceous sponges. Near 
Maidstone it has yielded boulders of granite, 
which may have been the anchor stones of 
marine^ants Uke Fucm, Remains of terrestrial 
plants and of Iguanodon indicate near proximity 
of the Maidstone area to land, which is paralleled 
in the Me of Wight. 


COPTER xvin. 

Lower Cbei’aceous Strata. 

Ever since the Carboniferous period the influence 
of a dividing line extending east to west, due to 
elevation of the rocks between Worcestershire 
and Lincolnshire, has bran more or less persistent. 
It has influenced the mineral character of strata 
and distribution of life. It has given a distinct 
character to the Oolitic rocks south of Banbury, 
to that shown by the succession of rocks further 
north. The same geographical conditions separ- 
ate the Neocomian rocksMorth and south of the 
land barrier indicated on the south by the Pur- 
beck and Wealden rocks. A like physical 
difference is seen in somg of the Cretg.ceous rocks^ 

In so far as can bo judged by fossils, the chaifge 
from Speeton day to Hunst^inton limestone took 
place in the middle of the Gault ; since the fossils 
in the bottom beds of the red limestone include 
the same Gault species as are found in the top 
beds of the underlying clay. 

A similar transition in physical character is 
seen in Norfolk from the brown sands, locally 
termed Carstone at Hunstantx>n, to the sandy 
Hunstanton limestone which there rests upon it. 
This succession has sometimes led to the belief 
that the upper part of those sands is of the age 
of the Lower Gault, 

But while there is an apparent conformity of 
the Cretaceous to the Neocomian beds on the 
east coast of England, at Speeton there #as a 
w ' 
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manifest change in the tilt of the land further 
west, which caused the sea at that time to extend 
over the edges of the older Secondary strata. 
This is seen in land in the district which is now 
East Yorkshire by the deposit of the Hunstan- 
ton Hmestone which covers the edges of the 
Oolitic rocks. There appears to have been a 
similar depression of land at the same time to 
the west, in Dorsetshire and Devonshire, which 
resulted in the deposition of sands, known as the 
Blaekdoim Greensand^ over the whole of the Lower 
Secondary _ _ 

rocks, and 
partlyupon 
theCarbon- 
if er 0 u s 
rocks about 
Exeter, at - 
th% time * 
when these - 

cretaceous 


beds began 

to be form- ^ 

ei There Fw. JA— Ammonites Deshayesll, fwm new the base 
ou. A uo Lower Greensand, Atherfleld. 

are thus 

sands in the west in Dorset and Devon, which 
appear to represent a part, if not the whole, of 
the Gault; perhaps the Upper Gault, and the 
Upper Greensand. There is a Red Lim^tone 
itk the north-east from Norfolk to north of Flam- 
boteWgkwhic'h is a similarly undivided deposit, 
iPJhced wi^phica^^^ between these sands m the 
. sbtttli-wesf and limestone in the norA-east, are 
• :.tho, stt^^ as Gault and Upper Greensand, 

. I ' ' , • ' 
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The Gault rests on Lower Greensand and 
Neocomian Sands. It is a blue micaceous clay, 
dark in colour " in the lower part, where it as 
rich in fossils, and full of layers of concretions of 
phosphate of lime, which contains a large amount 
of iron pyrites in some localities. Its thi(?kness 
in the south ohEiigland is about 150 feet, but.it 
thickens to more than 200 feet at Hitchin ; iind 
one boring at Sohamo is said to have passed 
through 450 feet without piercing it. Yet it 
thins away in the south of Norfolk, and there 
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Fio. 29 . 7 -^liir section, Hunstanton, Norfolk. Upon the brown Necn 
.conila'i Sandstone Is the red Hunstanton Limestone, four feet thick. 
The Lower Chalk rises from the beach to the top of the cliff, the 
dip being east. 

develops calcareous beds in its upper part, vrhicli 
probably show that the Hunstanton limestone, 
which first begins to be recognised near ^ndring- 
ham, includes the Upper Gault. The- Gkult 
extends as a clay all round the Weald, and 
through the Isle ot Wight ; so that its distribu- 
tion is connected with the area occupied hy!^e 
Wealden beds aiiS. the changes of leve^^wnich 
that district was efiSfcted.' ^ 

The Qrifntan^ generally followi the 
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distribution of the Gault ; but there are certain 
areas from which it is absent ^s a recognisable 
sand. It is well developed in the Isle of Wight, 
and extends from Eastbourne through the South 
Dowrffe and through the greater part of the North 
Do^ns ; but there is no deposit of a sandy nature 
in the Maidstone country, foiTnd between the 
Gault and the chalk, which pa^-s insensibly into 
each other. From Willshire the Upper Green- 
sand extends to Tring, as a green sand, which is 
there about 30 feet 
thick ; east of Tring 
its sandy character 

is lost. It has been ^ 

found by a well bor- • 
ing again to put on ; 

the character of a 

S een san^ under , 
orwich. All the 
intervening country,' 
which Professor 
Hull regards as 
having been land, 
during the deposi- 
tion Oi the Carboni- Fw. SO^Ammonltes plannlatust Cam- 
P 1* i. bridge Greensand. 

ferous limestone, 

is covered with a thin bed known as the 
Gambridffe Greensand, which is not more t^an 
a foot or two in thickness, and consists 
of i^odules of phosphate of lime embedded in a 
pipe ^f green grains of gliiuconite and marl, 
wHiciiTlifcombs the most rejiarfeble assemblage 
of fcissilsiy^ded by any formation in Britain, 
^heh^thiis bed is traced nottb it is lost; and 
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in SO far as can be judged from physical evidence, 
and its fossils, it ,has merged in the Hunstanton 
limestone, which divides into three thin beds. 
The middle layer of that rock is largely formed 
of concretions of phosphate of lime. At tlfb base 
of the chalk wolds the limestone augments ftom 
4 feet at HunstaSiton to a considerable thickness 


at Speeton, where its upper beds become very 
irregular, and pass into the white chalk without 
stratigraphical planes of separation. The irre- 
gular diffusion of the red colour in parts of the 
chalk would appear to indicate that the colour 
has an organic origin. 

The succession of the Upper Greensand upon 
® the Gault, is 




manifestly a 
consequence of 
upheaval ' . of 
the old laiW 



Fio. 81.— Pai-t of the stem of an Encrinite (screw- 
stone), derived from the Carboniferous lime, 
stone found In tho Cambridge Greensand. 


from which the 
Upper Green- 
sand was de- 
rived, bringing 
the source of 


the sediment nearer ; so that it became coarser. 
The Gault at Ware rests directly upon 
the Wenlock limestone. At Cheshunt it 


rests .upon ' the purple Devonian mudstones, 
liierefore this eastern country of England gives 
no evidence of having been submerged 
during all the Secondary ages till tlm,|3Ntttlt 
, sea spread over it, and Gault was laid^^n lt. 
i!^d since some fossils, like those of the Carhoni- 
{erous limestone, dtiyiovi^y derived, have dccmied 
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in the Neocomian beds of Up ware, and in the 
Cambridge Greensand (Fig. 31)^it is probable that 
the upheaval which brought about the formation 
of the Upper Greensand, raised the area of 
ancieftt rocks beneath the Gault. It became too 
shaTLow for the accumulation of anything but the 
phosphatic products of marine minimal and vege- 
table life, boulders of the parent rocks, slates, 
schists, quartzites, granites, of the neighbouring 
land; and. the multitudinous remains of Cimo- 
liosaurus and Ichthyosaurs, and Chelonians ; 
together with true lizards, allied to the monitor ; 
and crocodiles of existing types. There are many 
terrestrial saurians allied to the armoured Sceli- 
doaauma of the Lias, % score of Pterodactyls of 
all sizes of the genus Ornithochirus. One Ptero- 
dactyle, at least, is toothless. This type, which 
has smooth jaws like tlje jaws of a bird, is named 
QrnithostorfSa, The oldest known British bird is 
found in this bed. It is allied tC the divers. ^ 

Cretaceous Birds, 

The oldest British fossil bird is found in the 
Cambridge Upper Greensand. The bones in- 
dicate an animal as large as the red-throated 
Diver. Some bones are like the living genus 
Colymlms; others show resemblances to Grebes 
and Cormorants; and possiblv, in the hip 
girdle, to penguins. The skull is singularly 
that of the red-throated Diver in size and 
fmrm, and the joints of the backbone are similar, 
but jS^identical. The femur, the thigh-bone, 
was mor^ than 1 J inch long ; and the drumstick 
bop^ of Jtbe leg develops a process like a patella 
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at the knee joint, but it is much smaller than 
in the Grebes. ,The bone may have been 4 
inches long. The metatarsus differs from the 
bone in all existing birds, because it shows no 
sign of the tarsal bones being blended w^th it. 
It was probably about 2^ inches long, so that 
the animal may *not have exceeded a height of 
16 inches. It is iinknown whether these birds 
possessed wings. The tsaddle-shaped mode of 
union between the vertebrae of the neck is as 
well developed as in existing birds; but it is 
either absent in the back, or imperfectly developed, 
since joints of the back-bone have the ends cup- 
shaped. There is no evidence that the tail was 
short. It is certain that this bird was a water- 
bird, and it probably fed under the water, like 
the divers. It is named Emliornis. In the 
Greensand of New Jers^ birds hav| also been 
found which show strong affinities with tlie 
jiving divers’ *and since those birds possess 
teeth, it is not improbable that teeth were also 
present in the jaws of the bird from the 
Cambridge Greensand. The bi-concave condition 
of the dorsal vertebra? of Enaliomis is also 
found in one of the American genera. 

The existence of these fossils goes to show 
that the family of divers alreacfy existed in the 
cretaceous seas ; and that their jaws were armed 
with teeth, which are not found in any birds of 
more recent date. Birds have also been found 
in the Chalk of Seania in Sweden but thejtones 
are few. ^ 



CHAPTER XIX. 


CHALK. 

TBjjp Superposition of the chalk upon the Upper 
Greensand, and the rocks which represent it, was 
the consequence of a rapid depression of old 
continental land from which the sediments had 
been denuded which buHt up the lower cretaceous 
beds. Land did not entirely disappear at once. 
There are a few places in Europe in which the 
cretaceous flora is met with, such as Aix-la- 
Chapelle, Halden in Westphalia, Quedlinburg 
and Blankenburg in the Harz, Molletin in 
Moravia, and Nieddtschoena in Saxony. The 
fossil plant-life found in those localities differs 
a little, but includes similar types to those in 
the creta^ous rocks pi Greenland, and North 
A^merica. At Aix, the cretaceous basin consists 
of sands and sandstones about* 300 feet thict 
which rest upon the old primary rock which had 
been a land surface. The sands have been 
regarded as of the age of the Upper Chalk, 
though they contain some shells of the ago of 
the Upper Greensand. 

The chalk abounds in scattered fragments of 
ancient crystalline rocks in its lower part. In 
^ome localities in the south-east of England its 
lower beds contain enough clay to give it an 
aluminous odour ; while, in the west of England, 
its beds frequently contain grains of 

quartz^ Proximity to land is indicated almost as 
definitely by the preservation of branches of 

165 
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Sequoia, in the lower chalk of Cambridgeshire, 
and all through ithe chalk period large timber 
trees are found which have sunk water-logged, 
more or less destroyed by the borings jithe 
ship worm Teredo. The presence of the reti^sius 
of animals, like ^he flying Ornithosaurs and the 
long-bodied lizard Dolichosaurus, also indicate 
jjroximity to land. The larger part of the chalk 
is supposed to have been Sccumulated in moderate 
depth of water, because the rock almost every- 
where shows evidence of slow changes of currents 
on the sea-bed. 

The chalk is divided into four deposits, 
partly on the evidence of its physical characters, 
and partly from the natufe of its fossils. The 
lower part of the rock, often termed Chalk Marl, 
comprises the Grey Chalk of Dover, which is 
coloured with clayey matter, and is* known as 
the Chalk Marl and Totternhoe Stone. THI 
bottom beds contain many univalve shells, and 
many survivore of the remarkable series of 
Cephalopods, named Scaphiies (boat-sh^ed), Turri- 
lites (spirally turreted), Baculites (staff-like), etc., 
which are so characteristic of the Gault and 
Uraer Greensand. 

The Lower Chalk, which succeeds the Chalk 
Marl, terminates upward in the bed known as 
the zone of Holaster sub globosus. It is thin iff 
the eastern counties, but becomes thicker in the 
south of England. It is covered by the Mel- 
bourne rock, a bed formed of chalk b^iilders, 
embedded in a paste of chalk, and restiilg U{Mn 
a plane of erosion as marked as that by which 
the Cambridge Greensand rests on the Gault, 
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indicating a change of level, which uplifted the 
underlying deposit. 

^ The overlying beds are ftie Middle Chalk. 

' This part of the chalk lies between the Mel- 
bour«ie Eock below, and a hard phosphatic bed 
abJlve, known as the Chalk Eock, which rings 
under the hammer. Betweeflfc these limits the 
Middle Chalk is about 350 feet thick in Bucking- 
hamshire and Bedfordshire, and more than 200 
feet thick in Cambridgeshire, It is thinner in 
the North Downs. It contains some thin beds 
of flint in the Upper part, which is known as 
the zone of Bolaster planus. The Middle Chalk 
is a great lenticular deposit, which is frequently 
marly, as though a#quantity of clay had been 
deposited, while the chalk was being built up, bj 
the growth of its characteristic organisms. This 
portion of the chalk has been thought to derive 
Jts clay from the old land, of which the Cam- 
bridge Greensand is evidence* in the previous 
period of time, the intermixed clay being tie 
finer river mud carried out into the ocean from 
a region of ancient and crystalline rocks removed 
to a greater distance in the depression of land. 
On this horizon there are multitudes of cup- 
sponges with siliceous skeletons, of the genus 
fmtricvlUes. The Middle Chalk is chiefly con- 

j^spicuous for wanting most of the peculiar 
Cephaldpods of the Lower Chalk, and for 
wanting the sea-urchins and starfishes of the 
XTpper Chalk. 

TRo Upper Chalk, which is only about 260 feet 
thick in the North Downs near Croydon, 
attains^ its maximum thickness north and south. 
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At Norwich it is about 500 feet thick ; and in 
the Isle of Wight its thickness may Ise 1000 
feet. At Lyme Regis its thickness appears to^ 
be reduced to 50 feet. It is whiter and softer 
than the chalk below. The flint which character- 
ises it, occurs sometimes in horizonital tabuiar 
layers, in the pj-ines of bedding. Sometimes 
they are in concretionary nodules, fantastically 
irregular in form, whi(^ are not absolutely 
limited to the planes of bedding; occasionally 
these concretions are connected together by tabu- 
lar flint. The flint 



nodules have grown 
since the upheaval 
of the chalk, and 
they are, as a rule, 
scantily developed 
on the opposite side 
of a slight disloca^ 
tion wherever the 


chalk has been 


strained and frac- 


Fio. 82.— The Bhepherd’a heart sea- 
urchin » Mlcraster cor-angulnum, 
from the Upper Chalk. 


tured, as along the 
valley of the 
Thames. The verti- 


cal layers of flint 
which have been deposited in such fissures have 
cut off the water supply ; so that the flints are 
large on one side of such a barrier and small 


on the opposite side. 

When the chalk is examined under the micro- 


scope about one-half of its bulk appears t(fton- 
sist of microscopic organisms, of the group 
foraminifera, some of which appeared in the 
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oldest rocks and survive at the present day. 
The more important of these foraminifora com- 
prise the heavy shell, shape(> something like a 
^nautilus, named Cristellaria, the broader shell 
mor% like an Ammonite, named Plaimhulim^ 
thfli spirarl shell resembling a pond snail Buliminay 
and the little Globigerina fojjmed of spheres, 
which succeed each other in a depressed spire. 
The other half of the clj^lk consists of a multitude 
of fragments, largely formed of the prisms which 
compose shells of mollusca, 
flakes of the shells of Tere- . : 


hratvla and Wa,and 

minute fragments of corals 
and Bryozoa; and ^ when 
these organisms cannot be 
recognised, the material is 
amorphous and a product 
^f decomposition of organ- 
isms. , This may be evi- 
dence that a large part of 
the substance of the chalk 
not only consists of the 
remains of animals which 





Fjg. 3^.-^The base of Galerites 
sub-rotundus, showing me 
central position of the 
mouth from the Upper 
Chalk. 


preserve their forms, but that the remainder 
of it passed through the bodies of animals 
which have l^ft little other record of their 


existence. 

The fishes are the chief link between the Chalk 
and the Upper Greensand, a large number of 
small sharks of the two deposits being identical 
Thflie is the greatest contrast between the beds 
in mineral character ; and in the principal types 
of fossils, because the Upper Greensand gives a 
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record of conditions of the shore where sediment 
was accumulating ; and the chalk gives evidence 
of conditions in tlte open sea, almost beyond the 
limit to which sediment was carried, thus demon-V^ 
strating how great the diflerence in fossilsumay 
he with a slight interval in time. The conditions 
compared are siifnh, in the two deposits, as may 
be found on the one hand on the south-west 
shores of Ireland at the ,i)resent day, and on the 
other hand on the ocean floor 400 or 500 miles 
to the west in the Atlantic, where an organic 
deposit is now accumulating which closely re- 
sembles the chalk. But the sharks on the Irish 
coast are not limited to the shore, and leave their 
remains in the open ocean as well; exactly as 
happened in the ages of the Upper Greensand 
and chalk. Just as sea-urchins occur scattered 
through the chalk, so they are found living on 
the chalky floor of the Atlantic Ocealf ; and th% 
modern representative is sometimes very closely 
aHied to the ancient fossil. 

The chalk is no exception to the law that the 
fossils change with every few feet of a deposit 
from its base to the top. Thus there are num- 
erous genera of sea-eggs of the order termed 
Echinoidea, some living and others extinct 
found in the Lower Chalk such as ScUema, Psm- 
dodiadema and Holaster. Amnehytes, Oalentes, 
Miemter and Cypkosoma characterise the Upper 
Ciudk. This succession of fossils in the several 
beds of chalk is traced through the country. 

There is no evidence in the chalk itsell, at 
least in this country, of its deposition coming to 
Ml end. Its newest beds at Norwich give po 



LOWER TERTIARY. 


171 


sign of shallow water conditions. Its highest 
beds in Holland, however, are the yellow gran- 
^ular limestone of Maestricht,* which indicates a 
nearer approach to a shore than the chalk of 
England. In Denmark univalve shells, which 
frcjfti time to time lived in the chalk sea on 
definite horizons, like the Tota?rnhoo Stone and 
the Chalk Rock, are found in the newest chalk 
to include shells whicl^arc not known otherwise 
till the tertiary period, such as the genera Cyprcea 
Oliva and Mitra, They indicate that the shore 
conditions of the chalk sea are returning in its 
newest beds in consequence of a general upheaval 
of the S(5^-bed into land in the European region. 


CHAPTER XX. 

LOWER* TERTIARY. 

• • 

The tertiary rocks occupy the basins drained Tfy j- 
many of the rivers of Europe. And although 
they sometimes occur far inland, and at con-’ 
siderable elevations above the sea, as in the 
Alps, Atlas, and many of the mountain chains 
of the old world, they are necessarily among 
the most recently elevated parts of the earth’s 
surface. Occasionally there is a possibility that 
one .deposit extends continuously from the upper 
oretacebus to the lower Tertiary. The evidence 
of this continuity in time is only found in North 
Anilri(i^, in the “ Idiramie formation,” in which 
there ajre no marine fossils; but which in Te^,. 
O^oiida and British North America abounds 

fii * 
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in plant remains, and yields some vertebrata 
which favour that conclusion. It would there- 
fore appear that ih some parts of the earth there 
is no break between the secondary and tertiar^ , 
rocks in time, any more than between the*other' 
rocks which give records of geologtbal thne. 
The tertiary bedc, when followed in their suc- 
cession from the oldest to the most recent, show 
an increasing number o^ the species of fossils to 
be still living, while the number of genera which 
are extinct becomes successively smaller. The 
geographical distribution of the surviving life, 
however, is always different from that of the 
fossil life. There is a succession of tertiary 
floras ; the older are Orien^^al and Malayan and 
Australian in their affinities ; succeeded by others 
which have a greater analogy with the existing 
flora of the western part of North America. 
There is a similar geographical relation of th^ 
fossil shells in tlie lower Tertiary rocks. They 
ace at first essentially the shells of the soutn 
coast of Asia, but afterwards include many forms 
which can only be paralleled at the present day 
at our Antipodes, so that the life which is now 
found in many distant regions, passed in suc- 
cessive ages over the same area of the earth, and 
furnished fossils to the rocks which were laid 
down upon successive portions of the sea-bed as 
it slowly moved onward. 

The oldest tertiary strata in Europe are those 
of Mons in Belgium, where the chalk is bent 
down into a trough, which received the ^filters 
of a shallow sea at an earlier period than 
tike chalk of this country, so that it carries au 
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older deposit of tertiary age. In like manner 
the east of England was depressed at an earlier 
neriod than the country in the meridian of Head- 
ing, so that the beds in the eastern part of the 
Thanks basin of our own country are the oldest 
in tile British tertiary series. The Montian fossil 
shells of Belgium include many ^hich are common 
to the deposits of the lower tertiary period. 

Tharu^ Sands. 


The Thanet Sands are the oldest tertiary bed 
in this country. They are a wedge-shaped 
deposit of sand which occurs in the east of the 


WoofwUb BecU 


Oldbavfin 
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Fia. 34. — Cliff section of the Lower Tertiary Sf^attf ; east of Heme Bay 
In Kent. • 


trough known as the London basin. It is 90 
feet thick at Canterbury and Herne Bay, and 
thins westward, being absent to the west of a 
line from Leatherhead to Hertford. It is a 
marine deposit, abounding in shells, most of 
which live on into the London clay. There is a 
Phohdomya, a genus which survives in the West 
Indies, and the Nautilm Somrbii, a species met 
with in the London clay, but most of the other 
fossils are of such genera as occur upon the 
Britfhh ' shores at the present day. The 
conunonest are species of Ct/prim which re- 
*Bemble the living Oyprim lakmdica. The sands 
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are nowhere consolidated; usually of a yellow 
colour, almost free from any mixture of pebbles, 
but sometimes yielding, in the east of Kent, a 
few rounded flints which show that the chalk had 
begun to be denuded, and contributed «some 
particles to the crystalline grains of quartz wHich 
form the sand. < [Jnder the name Landenien 
inferieur, the Thanet Sands are traced into 
Belgium, being well seen -.about Brussels. They 
are also traced into France by way of Calais, but 
it is not certain that they extend into the Paris 
basin. The land surface which occurs at 
Gelinden, near Li^ge, makes known a large flora 
similar in some respects to that of Aix, with oaks 
like those of the mountain i^istricts of Asia, with 
laurels, willow, ivy, and other familiar types of 
vegetation. 

Above these beds succeed the Woolwich and 
Beading beds, 26 feet in Cast Kent ahd 90 fee4 
under London. They are the upper Landenien 
df Belgium and the north of France, sometimes 
known as the zone of Ostrea bellovadnd, and 
PeUunadus terebratularis. Ascending the Thames 
these beds are at first marine sands, differing but 
little from the Thanet Sands. At Upnor, near 
Bochester, they become estuarine, and consist, of 
layers of rounded pebbles and’ alternations of 
clay, sands and shell beds. This condition con- 
tinues up the Thames vallejr, and the marine 
shells, which were scarcely distinguishable from 
the shells of the Thanet Sahds at Heme Bay, 

f 've place to fresh-water shells under Londmi. 

t Loampit Hill remains of terrestrial plants and 
insects also occur. At Beading there is a flora of 
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matted cleaves, referred to species of fig and 
laurel and ^lies of the eve^een oak, in the 
lower part ® the sands. These deposits, which 
were formed in fresh water, alternate with beds 
containii^ marine shells which have a long range 
in flime. Some occurring in the Montian beds and 
surviving to the London cla^ It is therefore 
shown by these Woolwich and Heading beds and 
their fossils that tho» dome of the Wealden 


district, between 

the Thames and the 

English Channel, . - 

was raised into V" . 

land ; and that the " . 

chalk which once • ' •*>.' ,* ■ 

covered it furnished ' •/ 


the flints which • 

were rolled into *■ ■ 

iompletolj^ rounded / ' 

pebbles before they ; y> ' 

were swept down '' 

into Ijiese tertiary • ^ 

bed8,whicharenow ’ ‘ ' 



•exposed on the 
northern slope of 
the. North Downs. 


Fio. 85.— Ostrsa bellovaclna, from the 
Thanet Sands. The shell has grown 
on a branch of a tree. 


With the oseillations in level a part of this 
land area at least supported the vegetation 
which furnished those beds of lignite which 
expend by Woolwich and Bromley, and the forest 
treCgw ijfliich show by their leaves a marked 
rcs^bl|uce to those of Gelinden. This in- 
, , ilfcafos ithat tho ancient connection, by con- 

A / ,^u6u6lland, between the south-east pf what is 
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now England and Belgium and Hanover, was 
maintained in the tertiary period just as it had 
been in the older epoch of the Weal&. 

In one locality, near Eheims in France, the 
lower tertiary beds have yielded many reltiains 
of mammals which foreshadow lemurs ana roddAts. 
Among these ocliirs the Neoplagiaulax which 
seems like a survival of the IHagiaulax of the 
Purbeck beds. This worth recalling on 
account of the resemblance of the tertiary plants 
of this horizon with the cretaceous flora. The 

London clay indicates 
. . depression which 

banished the shores 
41 of the tertiary land 
^ \ to some distance. 
There are oscilla- 
tions in its level 
which vaVied both> 
‘ ' the mineral char- 


Fio. 36 — Cyprina Monisi In ThanetSnnd* 


acter of the stratiim 
and the fossil life. 


At the base there is usually a bed of small 
rounded flint pebbles known as the basement 
bed, with sharks’ teeth. The clay gives evi- 
dence at its base of terrestrial life, and near 
proximity to land, in the presence of a few 
mammals, some of which arc allied to the existing 
tapirs. With these are found crotqodiles of the 
type now living, and fresh-water tortoises, sueh 
as frequent estuaries at the present iday. 

The middle of the clay abounds in crabs lind 
lobsters. While the top bed, about 50 feet thick, 
is rich in plants represented by the fruits of a 
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large flora. The upper beds, like the basement 
beds, are sandy. At Bognor the sand at the 
base is calc^ous and concretfbnary, with many 
marine fossil shells. 

The London clay is 500 feet thick in Essex 
and*Shep^ey. It thins to the west and south' 
west; being 400 feet under \ London, 300 at 
Southampton, 200 at Alum Bay and 100 at 
Studland Bay on the opposite coast. To the 
south-east it is thickened with the sands in its 
lower part. Its fossil shells, such as Cyprea^ 
Murex, ConuSy Pleurotomiiy Fusus, are of types 
which abound in the seas to the south of Asia. 
The plants which occur in its uppermost part 
also have an Asiatic character. The conifers are 
well represented by Cypresses, the Sequoia, Pines, 
and the Yew Salisburia. The lilies include the 
so-called American aloe. Agave, A species of 
Smilax represents the* Sarsaparilla tribe. Ban- 
anas are known from the geiaus Musa, The 
ginger order is represented by Amomum whiA 
yields Cardamoms. a screw pine common 

on the banks of the Ganges and in the Malay 

{ leninsula, is by far the most abundant fruit, 
t is associated with many palms, among which 
the areca palm, the nutmeg type, the fan palm 
of the south of. Europe Chamerops, and the great 
palm Sahal are conspicuous. The oak, hazel, 
walnut,, Ii0u4 amber, laurel, magnolia, ebony 
spargeVfiS^e present, as are representatives 
of some medicinal plants like Strychms^ which 
yields nux vomica, and of Cmchom, which yields 
quinine. There are representatives of the tomato 
and melon. Apples are represented by Cotoueastery 

M 
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and associated with almonds and plums. The 
cocoa is represented by a species oi^Thecbroma. 
There are several*- limes and mapl^^s. Water- 
lilies are represented by the Lotus, and the 
Victoria lily of tropical America. «, 

The London clay is well developed in^Belgiam 
and in the north c jf France. It does not reach 
the Paris basin in a recognisable form; though 
■ it may be represented by^the lignites aijd sands 
of the Soissonnais. But neither the lignites in 
France, nor the Ypresien beds which represent 
the London clay in Belgium, yield the abundance 
of fruits which is met with in the Isle of Sheppey. 
Some of the Beldan specimens of l^lipa are much 
better preserved than the o*tiaceratM and com- 
pressed fruits of Sheppey, as though they were 
deposited without being so long in the water. 

Above the London clay are the sands which 
cap the hills at Harrow, Hampstead, cHighgate^ 
High Be€ch, H^veringate and many places in 
Essex, having formerly been spread continuously 
all over the London clay, as they still are between 
Egham and Aldershot. They form Ascot Heath 
and Bagshot Heath, and are known as the Bagshot 
Sands. 

The lower part, termed Lower Bagshot Sands, 
thickens in the Isle of Wight to about 800 feet, 
and forms the brilliantly coloured vertical sands 
of Alum Bay. They are laminated with films of 
day at Wolring, where the thickness is about 
100 feet. Beds of pipeclay frequently occur j 
' and occasionally, as at Newbury, the pipeClay 
emtains fossil leaves like those at Bournemouth 
In the Isle of W^ht the bands pipeclny kte 
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exceptionally pure, as though they had been de- 
rived from white felspar, but never extend far. 
They are uVially only a few iiches thick, though 
occasionally thick beds are found. From them a 
flora© has been obtained, vrhich, although known 
onjjr from the leaves of plants, indicates many 
of the types at the top of the ^iondon clay which 
are known only from fruits ; so that they may 
well be regarded as a surviving part of the vege- 



Flo. 87.— Canr-8ec«on, Alum Bay, Isle of WiffliN "'j;; 

tlon Iwtween the vertical eoc* no beds of Alnm Bay and the more 
horizontal oligocene strata of Ileedon Hill. 


' tation of the London clay. Among these Alum 
Bay plants are some of the Cypresses and 
SMtlOiX and the palm Sdhal is identified in both. 
There is the ^me arum named Armium. The 
oak, walnut, laurel, cinchona, ebony, magnolia, 
mple, the soapworts Sapindlus and Cupama, 
the allspice and Eucalyptus, the almond and plum, 
the mimosas are common to both deposits, 
r these, the Alum Bay beds make known 

i|ew types,, of which the London clay gives 
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no evidence. Among them are the beech, elm, 
fig, bread fruit, willow, poplar, sandalwood, the 
Mezereon, Aristol(5chia, olive, ash, Convolvulus, 
verbena, bilberry, some heaths, the aralia, dog- 
wood, white water-lily, custard apple, holly, buck- 
thorn, vine, sumach and pistachio. "Riese ^re 
among the more iixportant new plants introduced 
in the Bagshot Sands ; and with them are a 
number of Proteacese, referred to genera now 
living in Australia, as well as a representative 
of the type genus ProteaideSy the sugar bush of 
South Africa. One of the most striking features 
in the flora is the small number of palms, and 
the absence of the Nipa, which in Sheppey is the 
predominant fruit and is piiesent in the newer 
beds at Bournemouth. The fruits and leaves, like 
the shells in the associated strata, indicate af- 
finities with the life of far-off regions of the 
earth. It is a generation since Unger, £PViennes(% 
student of the fossil plant-life of the lower terti- 
aiies, impressed with the occurrence of numerous 
genera in Austria, which live at the present day in 
Australia, regarded the eocene flora as indicating 
a migratory passage of the ancient plants from 
Europe into the Australian region. The plane 
of junction where the Bagshot Sands come to an 
end, and the succeeding marine Bracldesham beds 
begin is not easy to draw ; because the Brackles- 
ham beds contain locally thick layers of lignite, 
which have the aspect of a coal seam, and indicate 
the persistence of terrestrial conditions and some 
oscillations of that terrestrial surface in level. • • 
Low down in these beds is found the large 
foraminiferous shell named Nummdites IcBvigatm. 
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It does not form a thick bed j but probably marks 
the geolo^^l horizon of the Nummulitic Lime- 
stone, whicH is one of the m?)8t important lime- 
stones in the old world, and extends from 
the flA.lps and Carpathians into Thibet, and from 
M®roceiJ Algeria and Egypt through Cabul and 
the Himalayas to China. ' 

In this country the Bracklesham beds in Sussex 
and the Isle of Wigh^ are alternations of green 
sands and sandy elays, which are separated from 
the*^ overlying Barton clay by a conglomerate 
formed of rounded flint pebbles. At Bourne- 
mouth their character has changed. They are 
foxy-brown estuarine sands with beds of pipe- 
clay, in which occws another flora, with many 
ferns, palms, cactus, eucalyptus, figs, willows, 
beech , and nipa. The cactus is an American type. 
Subsequently the North American type of vegeta- 
•tion bedlme more abundant in Europe in the 
middle Tertiary period, and ^)etter defined by 
many genera. The Barton clay succeeds flhe 
Bracklesham beds. It is a blue clay, about 300 
■feet thick, with an extraordinary number of 
fossil shells, many of which are similar in genera 
to those found in the London clay and Brackle- 
sham beds, though the clay is characterised by the 
abundance of .individuals of the genera Charm, 
Crassatdla, Fusm, and Valuta, and by the presence 
of some peculiar genera like Typhis, a univalve 
similar to Murex, except that the spines are 
tubular. There is no such fauna anywhere to be 
with at the present day. It is not unlike a 
b|endiRg of the existing Malayan and New Zeala nd 
^ tdrnu fif marine life j and many of the shells,i like 
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the CmssMla, Typhis^ ClMim) Peclm, Pedimcidm, 
nxe very similar to^pecies now livinon or about 
the New Zealand seas. 

The Bracklesham beds have generally been re- 
garded as represented by the Calcaire^oSinm' 
of the Paris basin, while the Barton cl^ coAe- 
sponds to the grits (&ith the Nummulites mriolariut, 
and some newer deposits, such as the Gres do 
Beauchamp. These beds r.re well represented in 
Belgium. The Bracklesham beds have yielded 
some interesting serpents of the genus Pcmophis 
though not so large as those of the London clay. 
In the Barton clay occurs a marine mammal, 
of the genus Zeuglodon shown by its back bone to 
be a true whale, which has tb#teeth double-rooted 
and serrated in a way that is seen in no othw 
animal, though resembling some seals. 

The Barton period comes to an end with a 
deposition of 200 feet of sand, in whfch fossike 
are rare. - - 


^Theoretically, the Bracklesham and Barton 
beds together are an immense expansion ^ the 
middle 60 feet of the Bagshot sands at Alder- 
diot, which contain, in some of the clayey layers, 
impressions of fossils which appear to. m identical 
with those found at Barton in Hampshire, and 
Braeklesham in Sussex. On this hvpUhens tho. 
Bnieldesham and Barton beds indicate in . the 


Hampshire area a depression of the <dd sealed* 
into which peculiar faunas succesdveljr moved,, 
'^^npper Bi^hot or Barton sands brin||: %|#, 
toe eoneutions of a shoal, or shore, doe ^ . 
' jP^^dpisingofti^ The£ewsh^0«^ ' 

inliwm are Barton- 
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The sea-bed continued to be elevated until it 
passed into a land surface, in the succeeding 
period of tme termed Oligocene, which is the onlj^ 
part of the middle Tertiary represented in this 
co^try^^ 


CH^^TEE XXL 

MIDDLE TEETIAEY. 

The Middle Tertiary period, usually termed 
Miocene, makes a more striking approxmation 
in its life to the animals and plants which ept 
at Ae present day. In the European area it is a 
record of terrestrial and lacustrine conditions, 
alternating with the deposits of shallow seas. 

In th# country oMy a portion of the 
part of the Miocene period is represented by 
deposits which now cover the north^ parwot 
thelsle of Wight, much of the New Forest, and 
are exposed in the cliffs at HordweU, ToUands 

Bay, atBembridge and Hempstead. These strata 

MO grouped together as Oligocene. 

Headon Beds . , 

, '.The oldest oligocene beds, known m the 
-Headon series, are 130 feet thick at H^don HiU. 
# the isle Wight, are in the mam fr»k-water 
* They comprise first, about 70 feet o 
ih wator Marls, and fiesh-water lim^^^ 
mosed upon the manne ““'ki 

This proves that the shallow sea, 
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with the Upper Bagshot Sands for its floor, had 
become converted into dry land, i^on which 
lakes were formed‘^by fresh waters draining into 
the bottom of the trough from a limestone region 
such as the chalk or the oolites. 

The strata and their fossils show that^he l^lrel 
of the land fluctu^ed. The lakes became some- 
times occupied with brackish water, so that marine 
life divides up the fresh-iyater deposits. After 
the lower fresh-water beds were formed, the land 
was submerged, so as to give rise to the Middle 
Headon beds, which are essentially marine. 
There arc great banks of oysters wth numerous 
marine shells, most of them similar to the types 
which had previously been faiown in the Barton 
clay. These marine beds became better 
developed at Brockenhurst in the New Forest, 
where some corals are found, together with 
the vertebral column of “Zeuglodon, % marine* 
mammal of the «M'hale type, with teeth like 
se«ils, already known from the Barton clay. 
These marine beds are widely spread in Germany. 
After they were deposited the land was raised 
once more, and the Upper Headon beds formed, 
which reach a considerable thickness. They are 
fresh-water deposits, consisting of marls frequently 
green, full of the large Paludim Imta, the Cyrem 
obovata and the extinct Potomomya plana, which 
alternate with thick limestones, commonly full of 
fresh-water shells of the genera Planorbis and 
Limnm. These limestones are almost entirely 
the produce of the growth and decay of the fresh* 
water plant Oliara which precipitates carboiutte 
of lime upon its tissues by absorbing carbonic acid 
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gas from the water charged with carbonate of 
lime. In l^ese limestones remains are found of 
terrestrial mmmals of the tj^es present in the 
Gypseous beds at Paris, although they are not so 
numarous as in the Bembridge beds. 

Wheri^he Headon beds are followed to the 
coast of Hampshire, the linftstones disappear, 
leading to the conclusion that the upheaval of the 
chalk, which now runs a nearly vertical position 
through the Isle of Wight, had already begun to 
supply the 
calcareous 
matter, 

^which the 
t r e a m 8 * 

brought into 
the lakes of 
the Headon 
f)eTiod. • 

The beds 



which rest 
upontheUp- 

nnr Hpadon Fio. 88.— Planorbis euomphalus and other fossils 
per neaaon m the fi«ih.water Headon lUnestono. 

stfSrt^ 3»ro 

termed the Osborne or St Helen’s series. 
are sandstones and mai'ls, much thicker 
than any of the sandstones and marls in the 
Headon beds, and therefore in contrast to them. 
Someoof the sandstones become calcareous, and 
pass into concretionary limestones. The shells 
are all of fresh-water types. ' The randstones are 
^oiSetimes ripple-marked, probably by the wind 
The iOsborne beds are about 80 ^et thick, 
and ditide the Headon from the Bembndge 
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beds. The BemMdge Limestone is thick, very like 
the Headon limestones, rather creiuw in colour, 
foil of the same^ types of fresh^ter shells,- 
and containing many land shells, especially ex- 
amples of the genera Helix, Bulimus, axi^lamina. 
These land-shells have a marked a^ity l^ith 
species now living in North America, with which 
one or two may be identical. The Bembridge 
limestone abounds in so^^vessels of the plant 
Cbara, which formed it. i^mains occur in it of 
several species of the extinct mammal Paiao- 
therium which in some ways approximated in 
structure to existing tapirs. 

Where this limestone caps Headon Hill it is 
about 15 feet thick. The eembridge marls rest 
upon it successively in the section at Hempstead. 
They are grouped into a number of sandy beds 
and shaly clays, full of estuarine shells, among 
which are the genera Melania and Wdaw^sill 
which alternate with beds containing Cyrem and 
dther bands in which the shells are of fresh-water 
species. 

The top of the marls is the remarkable thin 
deposit known as the Black Band which is usuaBy 
grouped with the overlying Hempstead series. 

The Hempstead Beds. 

Hempstead Hill lies to the east of Yanaouth 
in the Isle of Wight, on the shore of the Solwt. 

; It is formed of aTOOt 170 feet of fresh-wat«; amd 
> < marls, capped by a marine 

; >l^j marls have a , general resemblaneO to |he 
fThe Blaak l^md at 



MIDDLE TERTIARY. 187 

about two feet of clay, coloured with veget- 
able' remaks, among which ^equoia and water- 
lilies have^een recognised, together with the 
teeth of Palceotherimn and other mammals and 
r^Ains of tortoises and crocodiles. It is an old 
teif estriai surface on which rest, first, the lower 
marls with Melania munam ; secondly, the 
middle marls with CeriOiinm Sedgtcicki; and, 
thirdly the upper m^nl^ with Ceriihmm plicatum. 
At the top are the Corbula beds which contain 
several marine shells in addition to the estuarine 
forms, among them Valuta Bathieriy Natica, 
Corbula, and a species of oyster. The character- 
istic mammal of these beds is the Hyopotarnus, 
These are the neweSt British deposits in the Isle 
of Wight of oligocene age. 

The lignites alternating with clays which fill 
up the basin at Bovey Tracey in Devonshire are 
iprobably^f the same age. They form deposits 
about 300 feet thick ; probably once thicker. 
With the exception of a single beetle, the reraaifis 
found in them are about fifty species of plants. 
TThe lignite itself is chiefly the flattened trunks 
of the Seqyuaia CouUsice, About half the plants 
are- regarded as of peculiar species and the 
twenty-five occur in the Miocene of 
and Switzerland. Among these trees 
species of fig, oak, laurel, cinnamon, the 
tree Nyssa, a palm, vine, and some ferns 
^^^h as liastrea. 

; ije Continent the Miocene beds attain 
importarice. Not only from the part 
ia foraiiDg the basins drain^ by «o 
in the steucture erf the AlpB* 
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but also on account of the remarkable mammalian 
remains which the^ yield. 

The Dinotherium, which appears m have been 
a sort of Mastodon with tusks in its lower jaw, 
is one of these. The three-toed horse, named 
Hipparion, is even more interesting, while®the 
fossils obtained &l Pikermi, near Athens, include 
giraffes and many other animals which have long 
jiassed away from Europe^ Perhaps the most 
extraordinary Miocene fauna is found fossil in 
the Siwalik Hills in India, which lie between the 
Jumna and the Ganges, and rise to a height of 
2000 or 3000 feet. The species of Hippopotamus, 
and allies of the giraffe and other African types 
which are there found, te!»6ify''that change of 
area in the distribution of genera on land in the 
Tertiary period, continued as persistently as the 
migrations of marine life in the Primarsr period. 


CHAPTER XXIL 

THE CRAG. 

After the great terrestrial epoch of the newer 
Miocene period had passed away entirely un- 
represented by strata, in this coimtry, deposits, 
named the Crag, are found, which fringe the coast 
in Norfolk, Suffolk, and Essex, occur in a few 
places in Kent ; and in Belgium. ^ 

The relative age of these beds was first dete? 
mined by the method of counting the number of 
existing species in each of the tertiary stmts. 
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On that basis the tertiary epoch had been divided 
into Eocei^ or lower Tertiary, Miocene, or 
middle TertiSty, and Pliocene, or upper Tertiary. 
Subsequently the Lower Miocene was named 
Oligocene. In the Pliocene the fossils include 
mo^ than 35 per cent, of livi^ species. 

In this great period the dnig finds a place. 
The older beds, named Coralline Crag, have 84 
per cent, of the sheU% still living; and in the 
newer or Red Crag 92 per cent, of the shells still 
exist. 

The Coralline Crag rests unconformably upon 
the London clay. Its lower part consists of 
yellow false bedded sands, which sometimes form 
a building stone^abdiit 30 feet thick. This sand 
appears to have been derived from denudation 
of the Bagshot sands which once extended over 
the whole area of the London clay. The shelly 
lieds include a number^of kinds of life which are 
now only represented in southern seas. As 
many as two hundred species are said to be found 
living in the Mediterranean, and a few are 
paralleled off the coasts of Japan, Mexico and 
the West Indies. But while about sixty-five of 
the species are known only in southern seas, 
fourteen only in northern seas, and seventeen 
have been met -with in no other deposit, there 
are as many as 185 Coralline Crag shells still 
found in the British seas. 

The rock is named Coralline Crag from the 
large extent to which its upper beds consist of the 
ifmins of Polyzoa which were formerly termed 
corallines^ Of those Polyzoa which are still living, 
26 out of 30 are met with in British seas, but the 
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majority of the fossils belong to the two extinct 
types Alveolana smiovata^ and Fcmmlaria aur- 
antium with whictfare some species^ the genera 
Betepora Idmonea and Eschara. The fishes of this 
crag include the common cod, green cod, ppwer 
cod, the pollack, whiting, and whiting pbut, with 
which have been^found the great teeth of the 
shark Carcharodon^ and of Otodus. 

At the base of the Coralline Crag, in places 
where the shaikhs teeth are found, is a bed of 
nodules of phosphate of lime, in which bones of 

the dolphin Chone- 
^ ■ dphim occur with 

“ , teeth of the whale 



eEdceiiodcmi asso- 
ciated with teeth 
of deer, rhinoceros 
and Mastodon which 
were ob'fiously d& 
rived ironr a land 
surface, and perhaps 


Fia. 89.— Cardlta senllUi, from the from an older do* 

ConaUneCr«. ^ 

are multitudes of fossils from the London clay, and 
a few crocodiles and Plesiosaurs derived from the 


older Secondary rocks. 

The characteristic shells of the Coralline Gra^, ' 
besides the comparatively rare species of VohUa^ 
Cassidaria, Pyrula and Linguh, include^manv 
species of the genus Astarte. That genus ^hien 
now characterises northern redons, is here repre- 
sented by multitudes of individuals. The GypriM 
iakmdiea, Ter^aMa mamdis, Cardita seniUs^ 
emm daki are typical fossils. 
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The Bed Crag. 

After th^oralline Crag was formed in some 
tranquil depth of water, the shores appear to 
have^been upheaved. And on the eroded surface 
abc%t 20^eet of false bedded sands and commin- 
uted shells were laid down, Is shore deposits, 
which fringe the island-like masses of white or 
coralline crag. This^ij^er deposit, named Bed 
Crag^ indicates three or four successive deposi- 
tions, Each of its beds was planed level hy 



FfO. 40.^Ftuiii8 antlquus reversed variety, from the Red Crag. 

denudations, which left thm layers of pebbles and 
nodules of phosphate of lime at the junctions. 

It has been observed that the older Red Crag 
at Walton on the Naze, has fossils more like 
the species o^ the Coralline Crag than are 
found elsewhere. At Butley a zone abounds in 
north^n species, and on this is a newer crag 
still The Red Crag along the river Deben con- 
tains a larger number of terrestrial mammals 
tiiaS has been found at the base of the Coralline 
additional types comprise species of 
tapir, the Siwaiik Hyeemntos, hyssna, Hipparm, 
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besides deer, bear, and among mg.rine animals a 
Halithenum and a walrus with large tasks. The 
shells are interesting from the domnance of a 
few ty^es, such as the reversed variety of the 
Fvsm antiqms, which is associated with the com- 
mon whelk, the European cowrie, th^ comiaon 
purple shells, an(?' species of the genera Nassa, 
Emarginula,Pectunculiis, Mya, Lucim and Oardium, 
At Norwich the Eed becomes estuarine. 
The Forest Bod of the Norfolk coast may be a 
part of its land surface. A patch of Crag is 
found north of Penzance, at St Erth, 98 feet 
above the sea. A more interesting deposit on the 
summit of the Chalk descends into pipes in the 
Chalk at Lenham in Kent, kdi^ing that denu- 
dation has removed the Crag from the surface of 
the country. 

All through the crag the temperature on the east 
coast was becoming colder.* This is evidenced bjfc 
the presence of stones in the newer crag which 
E|)pear to have been floated southward in ice; 
and it may be indicated by the increasing number 
of shells which at the present day characterise 
northern and arctic seas. Eventually the crag 
land was covered with boulder clay, and the 
whole country experienced glacial conditions. The 
cold is attributed by some to change of form in 
the earth’s orbit, by which the winters increased 
in length. Others attribute it to upheairal of 
land. Upheaval of Scandinavia and the North 
Sea would displace the shells southward, and lead 
to a condensation of vapour, from which glacleifi’ 
would result large enough to cross the plain of 
the North Sea and reach Britain. 



"CHAPTEU 3g[III. 

Glacial Period and Gravels! 

S^manSost a break in the succession occurs with 
the superposition of the Glacial deposits upon 
the Crag, that some geologists regard them as 
beginning a fomth^great division of the strata 
which is named Quaternary or Post-tertiary. 
Others place them in a division of the Tertiary 
period, which is named Pleistocene. The 
singular feature of the formation which justifies 
a separate na^ is the wide spread of the glacial 
conditions over tl!b Earth. In many countries 
where ice now is only a passing incident of 
Winter, clays are found, blue, piwpe, or brown, 
full of fragments of rocks which are mostly 
local, trough many We travelled from distant 
places. These boulders, which cause the deposit 
to be named Boulder Clay, are often smootned 
and grooved or scratched on one side like stones 
which have travelled in the sides or bed of a 
Glacier. The deposit is often indistinguishable 
from the clay found in Alpine valleys, from 
which Glaciers have retired which once covered 
the country. • The high ground in every land 
in which Boulder Clay is found suprorts this 
infeAnce with evidences of the work of ice. 
The Mountains of Scotland, the !^ke district 
0 ^ Eng land, and the Snowdon district in Vf&m 
are smoothed and grooved by sheets of ice which 
We pasifed away. Small joints in the old slates # 
hav^'l^^ widened and deepened in the 

, N ■ 
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until rounded structures have been produced like 
the backs of huddlqji sheep at rest. ’ 'Phis condi- 
tion known as Roches myutonnies is sometimes 
exposed by a retreating glacier in the Alps, and 
is manifestly due to the work of fijpst ftnd 
glacier ice. - ^ ^ 

Above many a mountain valley, such as the 
Pass of Llanberis, angular stones are perched in 
positions where water could^aever have left them. 
They are regarded as having been the stones of 
moraines once carried on the surface of a glacier, 
and left behind in their present places when the 
ice melted beneath them. The great blocks of 
crystalline rock above Neuchatel^e of the same 
substance as the Mont Blan^ cl^in, and could 
only, have reached their present position upon 
the limestone chain of the Jura by. crossing the* 
central valley of Switzerland. On such^vidence 
Glacial conditions for a country may bo inferred® 
ewn though boUld'er clay is not seen. ^ 

In North America Sir J. W. Daivson has 
described the evidences of the Canadian ice-age 
as cgmprising, (i.) a Lower Boulder Clay, which 
rests upon a glaciated and grooved surface of 
rock^ (u.)fThe Lower and Upper Leda-clay with 
marine sfioUa; and drift plants; and (iii.) an 
Upper Boukfer Clay with the shell /Soxicam, and 
gravel. The Lower Boulder Clay forms the 
basins of the neat Canadian lakes. The boifiders 
arQ m(^ly Qf Laurentian gneiss. Their striation 
is attributea to the luting of pebbles ^cludecL 
in shore-ice upon the^roc^ floor beneath, when 
4 moved by the i^e. „ 

,In -Britain thp ghicial deposits are ’ spread 
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irregularly. .They consigt of Upper and Lower 
Bouldhr on the east* coast, divided by 

Middle Glacial Sands with marine shells. 

. 'the granite of Criffel in Kirkcudbrightshire is 
fo|^nd i»the boulder clay over Lancashire and 
North Wales. Boulders of iTolcanic rocks from 
Cumberland are scattered over Cheshire. Dis- 
tinct streams of glacial drift extended down both 
the east and west si4dS^f Biitain. The boulders 
of Westmoreland Shap granite found over the 
plain of York and between Whitby and Scar- 
borough on the coast, prove that boulders were 
also distributed eastward from local centres, not- 
withstanding the Scandinavian source of many 
rocks in the Boulder Clay on the Norfolk Coast 
at Cromer. The Boulder Clay found near Lbndon 
3l Finchley, and at Hornchurch in Essex, is full 
of travelled ice-grooEed rocks, with fossils from 
*the secondary strata of York^i^e and Lincoln- 
shire. Glacier ice transported the rock matter, 
but probably shore-ice and icebergs were partly 
concerned in depositing it, so as to fill up the old 
valleys and leave the clay on the surface oi the 
country. ^ The denudation since tbe glacial period 
has been* very ^eat, and the glacial bfid# are cut 
through by m^ern valleys which ajre excavated 
in the underlying deposits. 

Tn ma-ny parts of the east of Ei^nd a senes 
of gravel beds occurs beneath the Boulder Clay, 
and in these pre-glacial gravels, chipped flint im- 
«plAueq^ ef the Palseolithic type are said to be 

°In this -fast England the IMder Clay 
which hills Is itself capped by coarse hijl 

'-v -i]'* > , 
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gravel which has the aspect of being houldQEt«&,n 
clay from which the clay has heen^shdd out. 
The gravels descend to lower and^lower levels 
till they occupy the broad shallow troughs 
through which existing rivers flow, fr«m wHiich 
we may infer th»^ elevation of the land ^as 
gradually contracted the width of existing rivers. 
Chipped flint implements are found in both the 
high and low level gr&fofe, with remains of 
mammals, which are mostly African in their affini- 
ties, and mostly extinct. They include species 
of Hippopotamus, Rhinoceros, Elephas, Lion, Bear. 
Deer^ Horse, and Ox siuwive in Britain. ^ 

Evidences of severer frosts ^ found in the 
broken rock fragments, ana of periodic floods 
due to melting of the snows. The loaves of the 
dwarf birch and dwarf willow are preserved ffi 
clay seams, with the land ,and river sjjfll Mich 
now exist. ^ 

cAs hunter or as husbandman the rude fore- 
fathers of the British people left in rock shelters 
and caves simple works of art which show that . 
people had gained a primitive civilization who 
lived when, the post-glacial gravels were formed^ 
and the influence of glacial conditions was still 
felt. 

The dominance .of man over animal and plant 
may mark the beginning of a new geological 
period j but there is. no gap in time or change in, 
life to announce the human period,, or to dis- 
tinguish it in kind from earlier epochs in ethe, 




